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INTRODUCTION 


CERTAIN isolated leaves, when kept with their petioles dipped in 
water produce roots from the callus tissue formed at the cut ends 
(Swingle, 1940; Yarwood, 1946). On the other hand, the formation 
of roots from the leaves by the application of synthetic hormones 
under similar conditions is copious (Gregory and Samantarai, 1950; 
Misra and Samantarai, 1953; Samantarai and Kabi, 1954). The roots 
arise anywhere on the petioles and sometimes from the veins. Here 
an attempt is made to investigate the effect of various concentrations 
of a synthetic hormone and certain nutritional factors, directly connected 
with the root-forming action of the hormone on the incidence of root 
emergence at different regions of the leaf. 


MATERIAL AND METHOD 


Leaves of Ipom@a batatas Lamk. were taken for the purpose as 
they produce roots readily and possess long petioles. Leaves with 
almost equal lengths of petioles and of about the same age were cut 
3-4 mm. above the base. These were treated with aqueous solutions 
of f-indolyl butyric acid (I.B.A.), which is found to be the most 
effective for the rooting of this material (Samantarai and Kabi, 1954), 
in concentrations of 2-5, 5, 10, 20, 50 and 100 parts per million 
“(p.p.m.). Ten replicates were taken for each concentration. The same 
number of leaves dipped in water served as control. Along with this 
the treatments with regard to nutritional factors were effected as 
follows: cuttings were fed with 1% and 2% sucrose solutions and 
. 0-1% and 0-25% of (NH,),SO, solutions separately, the former for 
‘carbohydrates and the latter for nitrogen. Similar feeding was given 


= ‘to cuttings with the same concentrations of sucrose and (NH,).SO, 


after these were treated with 5 p.p.m. of J.B.A., which was the lowest 
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concentration of the hormone needed to bring about root formation at 
all the regions of the petiole. Further, the effect of starvation prior to 
treatment with hormone was studied in a set of 100 leaves. These 
were. divided into two groups. One group of leaves was treated with 
5 p.p.m. of I.B.A. after the period of starvation for various periods 
up to 4 days. The other group starved similarly was kept as control. 
In all cases observations were taken 25 days after treatment regarding 
the region of root-emergence. The method of treatment, feeding and 
subsequent cultural procedure were the same as indicated by Gregory 
and Samantarai (1950). 


The petiole was divided equally into three distinct parts as basal, 
median and apical regions. The lamina was taken as the fourth 
region of the leaf. The number of roots at a particular region of all 
the ten cuttings was counted. This number was further expressed as 
a percentage of the total number of roots in the ten cuttings for 
ready comparison. 

EXPERIMENTAL RESULTS 


Hormone concentration 


In the control set only 3 out of 10 leaves formed roots, which came 
out from the callus tissues formed at the cut ends. A perusal of 
the data presented in Table I indicates that at concentrations up to 
5p.p.m. of I.B.A., the basal region bears larger number of roots, 
but the incidence of roots gradually spreads upwards. With a further 
rise in the concentration of I.B.A. greater number of roots appear 


TABLE I 


Showing the effect of various concentrations of I.B.A. 
on the region of root-emergence 


; Concentration of I.B.A. in p.p.m, 
Region of root | Nature of observa- 


emergence tion in 10 cuttings 
0 2-5 | 5 | 10 (20 50 | 0 


I. Basal region Total No. of roots} 9 | 56 46 22 0 ae ee) 
of the petiole |———-———— SS en ee en eee A 
% of roots 0 0 


II. Median Total No. of roots 32... |. 12 
region of the = |———-———— ————_— -—_—|q—|— qc—_—_—_ 
petiole % of roots 26-0 | 40-3 53-5 | 51-6 24-0 


III. Apical Total No. of roots ll 33 26 28 

region of the ——————-- 

petiole % of roots | 14-1 | 30-2 43-7 | 41-8 | 56-0 
IV. Veins on Total No, of roots 4 10 

the lamina —_——. | | | 

% of roots | 33 har 6-5 20-0 

All the regions Total No. of roots | 

together ; | va co 
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from the median and apical regions, and some higher up from the 
veins on the lamina. When the concentration of 100 p.p.m. of I.B.A. 
is reached the region of greatest incidence of roots migrates towards 
the apical region and quite a significant number (20%) of roots are 
seen emerging from the lamina, whereas the basal region contains 
none. 


Feeding 


The data of the feeding experiments (Table HI) show that supply 
of either sugar or nitrogen, even alone, without any previous hormone 
treatment enhances rooting, which may be due to better utilization or 
activation of natural hormones, initially present in the cuttings. In the 
case of samples treated with I.B.A. an addition of sucrose or nitrogen 
greatly enhances the number of roots formed. Further, supply of 
either sugar or nitrogen shifts the point of emergence higher up 
along the petiole whether the leaves are treated with hormone or not. 
The degree of shifting, however, is much more conspicuous with the 
combined treatment of the hormone and the feeding stuff. Roots are 


TABLE II 


Showing the effect of feeding with sucrose and (NH,).SO, 
on the region of root-emergence 


Nature of feeding 
Nature of %: - ; 
Region of Paes ciGd Not treated with I.B.A. Treated with 5 p.p.m of I.B.A. 
‘Toot emergence in : 
: 10 cuttings No Sucrose (NH4)2SO4 | No Sucrose (NH4) 2804 
feed- feed- 
ing 1% 2% | 0°1%)|0-25%| ing 1% 2% | 0-1%/0-25% 
: I Basal region} Total No.| 12 | 13 15 14 ll 43 38 28 37 30 
- of the petiole} of roots 
é % of roots| 100 | 76-4 | 65-2 | 73-7 | 64-6 | 57-3 | 42-2 | 28-0 | 39-8 | 29-7 
‘II Median Total No. 0 2 4 3 3 17 25 27 44, 31 
region of the| of roots : 
BS petiole Pes a a ee 
e % of roots| 0 | 11-8 | 17-4 | 15-8 | 17-7 | 22-7 | 27-8 | 27-0 | 48-3 | 30-7 
| —-_ Sr O- — 
Ill Apical Total No. 0 2 4 2 3 15 27 36 12 29 
region of the| of roots : 
=r % of roots| 0 | 11-8 | 17-4 | 10-5 | 17-7 | 20-0 | 30-0 | 36-0 | 11-9 | 28-7 
Iv Veins on | Total No. 0 0 0 0 Oeea med 0 9 0 ll 
the lamina of roots ene aia 
Fs % of roots 0 0 0 0 0 0 0 9-0} 0 10-9 
EE es 
Dh the regions | Total No.| 12 |17 | 23 |19 [417 | 75 | 90 {100 | 98 joi 
together of roots “ 
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given off from the veins when hormone treated leaves are fed with 
higher concentrations of sugar and nitrogen. 


Starvation 


The results obtained with the starved leaves (Table LI) support 
the results of feeding experiments. Although at 5p.p.m. of I.B.A. 
the roots are spread throughout the entire petiole, in descending order 
from base to apex, after 4 days of continuous starvation, all the roots 
are found to be concentrated near about the cut ends. Starvation for 
lesser number of days shows a gradual transition in such shifting of the 
point downwards to the base of the petiole. In the control leaves no 
change is observed, except that the number of roots gradually diminishes 
with increase in the period of starvation up to a period of three days, 
when no roots appear at all. 


TABLE III 


Showing the effect of starvation on the region of root-emergence 


Period of starvation in days 


Nature of 
Region of root | observation 


emergence in (Treated with 5 p.p.m. of I.B.A.) (Control) 
: 10 cuttings 


1 2| s|«fola}afs|s 


I Basal region| Total No. 
of the petiole | of roots 


% of roots 


II Median Total No. 
region of the | of roots 
petiole —_——- 

% of roots 

Ill Apical Total No. 
region of the of roots 
petiole 


| % of roots 


IV Veinson | Total No. 
the lamina of roots 


| % of roots 


——— 


All the regions | Total No, 
together | of roots 


DISCUSSION 


Gregory and Samantarai (1950) have shown that in isol 
consequent upon auxin-treatment, hydrolysis of cat bohndcater tee 
proteins takes place and the soluble products are translocated to the 
region of root emergence. Hence the region of greater root emergence 
seems in all probability to contain the soluble products in greater 
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concentration, and there is probably a gradient of the soluble products. 
It has been found in the present investigation that supply of sucrose 
or nitrogen alone brings about a certain amount of enhanced rooting 
effect which is further augmented in the presence of synthetic hormone 
treatment. Treatment with hormone alone indicates that the intensity 
of the gradient is high at the apical region of the petiole at higher 
concentrations of the hormone. On feeding the leaves with sugar 
and nitrogen the intense part of the gradient is shifted upwards to the 
lamina due to the rapid absorption of sugars and nitrogen in the 
transpiration current. In the leaves fed after being treated with 
1.B.A., the gradient is all the more conspicuous due to sudden hydrolysis 
of carbohydrates and proteins in the lamina caused by hormone action, 
to which the sugar and nitrogen absorbed in transpiration current are 
added. Therefore, the region of greater root emergence depending upon 
food factor advances upwards to the lamina. The behaviour of root 
emergence in starved and subsequently treated leaves provides further 
evidence of this aspect, i.e., the region of root emergence proceeds 
downwards along the petiole with increase in the period of starvation. 
It has been shown that subjecting isolated leaves to starvation reduces” 
the quantity of sugar (Gregory and Samantarai, 1950) although nitrogen 
content does not suffer comparable reduction. Thus, from a combined 
study of the effects of feeding with sugar and nitrogen and starvation, 
it is clear that sugars play a great role and nitrogen a minor réle 
in determining the region from which the roots emerge. 


SUMMARY 


Isolated leaves of Ipomea batatas Lamk. were treated with various 
concentrations of I.B.A., fed with sucrose and (NH,).SO, solutions 
and were also starved for various periods prior to treatment. The 
rooting response in all these cases was investigated. At lower 
concentrations of I.B.A. the roots came out mostly from the basal 
region of the petiole. With rise in concentration, the point of 
root-emergence shifted higher up towards the lamina. Further, feed- 
ing with sucrose and (NH,).SO, was found to produce similar effects. 
On the other hand, starvation of the leaves prior to treatment with 
the auxin, caused the roots to be crowded at the basal end. It is 
suggested that the behaviour with regard to the incidence of roots 
at various parts of the petiole and the lamina is due to a gradient of food 
material, especially sugar concentration, the intensity of the gradient 
being highest at the region where there is the greatest incidence of 
roots. 
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CYTOLOGY OF EQUISETUM DEBILE ROXB. 
By C. A. NINAN 


Botany Department, Travancore University, Trivandrum 


(Received for publication on January 2, 1955) 


Equisetum is the sole living representative of the great group of 
ancient vascular plants, the Equisetales, which are referable back in 
stratigraphic sequence to the earliest days from which fossils are 
known. The genus Equisetum with about twenty-five species is world- 
wide in distribution excepting Australia and New Zealand, most of the 
species being native to the temperate zone. 


Manton (1950) in her work on the “ Problems of Cytology and 
Evolution in the Pteridophyta’’ has enumerated the chromosome 
numbers of more than a dozen European species of Equisetum. All 
the species investigated by her were found to conform to the number, 
n= 108. (She has not, however, unequivocally established the chromo- 
some number to be 108; but says “It is either exactly or approxi- 
mately 108.’’) This uniformity of chromosome number in all the 
Equisetum species native to Europe, especially in a genus which is 
perhaps “‘ the oldest vascular plant known to science” is in strange 
contradiction to the behaviour of the other members of the Pterido- 
phyta. Recent investigations carried out by the author on the cytology 
of the lower vascular plants indigenous to India have shown that 
the tropical species exhibit a higher level of polyploidy than the 
temperate ones (Ninan, 1955 and unpublished). 


Though Equisetum is chiefly a temperate genus, a few species 
are found in the tropics, especially on the colder hills. Eguisetum 
debile was obtained from three localities in India, namely Delhi, Mysore 
and Munnar. It is also reported to occur in the wild condition in 
the Punjab (Sethi, 1928). The materials under investigation were 
grown in separate pots in a fern-house attached to the Botany 
Department. 


The first material to yield a crop of cones (in September 1953) 
was that brought from Mysore. The Munnar material produced cones 
only in July 1954. The Delhi material has not yet produced cones. 
Meiosis takes place when the cones are about a centimetre long. 
The first sporangia to mature are those in the middle part of the cone. 
All stages of division can be obtained from a single cone and often 
more than one stage from a single sporangium. 


Equisetum is a comparatively easy cytological material and beauti- 
ful preparations of the various stages of meiosis could be obtained. 
The fixative used was Carnoy’s fluid. After some experimentation it was 
‘found that a modified proportion of absolute alcholol, glacial acetic 
acid and chloroform (4: 1: 1) was more suited for this material. The 
acetocarmine smear technique was used throughout, and photographs 


_ 
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were taken from fresh smears, which were made permanent after the 
drawings were completed. 


Chromosome preparations from the Mysore material gave a clear 
count of 108 bivalents at metaphase of first meiotic division (Pl. IV, 
Fig. 1). The Munnar material also gave a clear count of 108 bivalents 
(Pl. IV, Fig. 2). 


The observed chromosome numbers in materials from two local- 
ities in India of Eguisetum debile show that in this species also the 
haploid chromosome number is 108. This result is identical with 
Manton’s (1950) observation of nm =c108 in all the European and 
one American species studied by her. The chromosomes of the 
Munnar material were slightly larger in size than those of the 
Mysore material. Evidence of spiral structure was also observed in 
the latter. The unusual shape of chromosomes demonstrated by 
Manton (1950, Fig. 213 5) was not met with in the materials under 
investigation. 


The present investigation records the chromosome number in 
a distinct Indian species of Equisetum, of which there has been no 
previous data. While Ophioglossum and Lycopodium species native 
to India showed high chromosome numbers compared to their 
European counterparts, the genus Equisetum still maintains a uniformity 
in chromosome number (Abraham and Ninan, 1954 and Ninan, 
unpublished data). This uniformity in chromosome number throughout 
the genus in a sample cytological survey of the European, American 
and Indian materials, and the complete absence of polyploidy together 
with a haploid number as high as 108 adds support to Manton’s 
view that this group is ancient and stable. This recalls the situation 
in Osmunda, in which genus also all investigated wild species have shown 
a chromosome number of m = 22 (cf. Manton, 1950; Britton, 1953; 
and Ninan, 1955). Other evidences bearing on these two genera also 
indicate that they represent end lines of ancient groups which have 
reached the peak of evolutionary stagnation (Eames, 1936). In the 
case of Egquisetum, vegetative mode of reproduction is very prevalent 
and helps to maintain large colonies of this plant in favourable 
regions. In Osmunda this advantage is lacking and it is probably 
fast reaching the threshold of extinction. 


SUMMARY 


The cytology of Equisetum debile from two localities in India 
is described. The haploid chromosome number is clearly 108 in both 
materials. The peculiar situation of the occurrence of only diploids 
with n = 108 in all investigated species of Equisetum is compared 
with the only other known similar instance in the lower vascular 
plants, namely in Osmunda. It is suggested that both genera represent 
end lines of ancient groups which have reached the peak of evolu- 
tionary stagnation. . 

The author wishes to express his gratitude to Professor A. Abraham 
under whose supervision this work was carried out, for valuable guid- 
ance and encouragement. His thanks are also due to the Ministry 
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of Education, Government of India, for the award of a Senior Research 
Scholarship. 
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EXPLANATION OF PLATE 


’ Both figures are untouched photomicrographs of fresh acetocarmine squash 
preparations showing meiosis in spore mother cells of Eguisetum dehile. 


Fic. 1. First meiotic metaphase from Mysore material. 108 bivalents could be 
clearly seen, 750 


Fic. 2. First meiotic metaphase from Munnar material. The number of bivalents 
is 108, but the chromosomes are slightly larger than those of the Mysore 
material. 750. 


aed 
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ANATOMY OF BLECHNUM ORIENTALE L.* 


By P. KACHROO 
Asst. Botanist, Damodar Valley Corporation, Burdwan, India 


(Received for publication on December 19, 1954) 


Bower (1928), following Mettenius (1857-59), divides Blechnum into 
3 sub-genera: Lomaria, Eu-Blechnum and Salpichlena. B. orientale L. 
belongs to the sub-genus Eu-Blechnum. It occurs in moist shady 
places at Gauhati, Jorhat, Sibsagar and Dibrugarh in Assam (India). 
It grows throughout the year, but fertile leaves are produced only 
once a year. However, at any time both fertile and sterile leaves are 
seen growing side by side. It has an erect short rhizome, up to 
a foot in height and variable in thickness, closely covered by overlapping 
leaf bases, and a thick felt of peltate, brown palee and numerous 
adventitious roots. The leaves are pinnate, 24-4 ft. long and a foot 
broad, with a long rachis and a variable number of pinne (Fig. 1). 
A number of reduced pinne are present along either side of the petiole 
and the leaves end either in an odd or paired pinna. The pinne 
towards the middle region of the leaf are the largest and gradually 
become shorter towards the apex. Each is lanceolate with an acute- 
acuminate apex, entire margin and more or less of hard texture. In 
fertile segments the margins are slightly turned upwards and their 
apices are sterile. The venation is parallel. In the first leaf formed 
by the sporophyte there is a single vascular strand which later dichoto- 
mises at the apex. In the successive leaves gradually each arm of 
this dichotomous vein again dichotomises and the margin becomes 
incised (Fig. 2, i-vi). Later a midrib is gradually differentiated 
(Fig. 2, vii-xi). The margin of the leaf becomes lobed, each lobe 
enclosing a 2-3 times dichotomously forked branch of the midrib 
(Fig. 2, xii). Each lobe thus formed is later differentiated into a pinna 
associated with the differentiation of a midrib (Fig. 2, xiii) on the 
same lines as that in the main leaf, till the characteristic pattern of the 
adult leaf is attained. 


THE RHIZOME 


A cross-section of the rhizome is nearly triangular in outline. The 
cells of the epidermis are small, tabular in outline and bear sparsely 
distributed hairs and palee; the cortex is brown, composed of 
elongated cells, dissimilar in shape and differentiated into an outer 
parenchymatous region about 3 cells thick and an inner thick-walled 
region about 10 cells thick; within this is a region of parenchymatous 
cells with rounded corners and intercellular spaces, full of starch 
and abutting on the vascular region; scattered tannin cells occur in the 
cortex, ground tissue and the pith (Fig. 3). The vascular cylinder 


* See also Kachroo, P., 1955. Gametophytes of Blechnum orientale L. and 
Blechnum spp. Sci. Cult., 20: 402-403. 
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iv 
v vi 
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Fic. 2. Successive leaves, from first sporophytic leaf, illustrating the gradual 
attainment of adult leaf pattern. i-xiiiB, x$; xiii A, x4. 


Fic. 3. T.S. rhizome: (i) a portion of epidermis (E) and cort C);3 Gi 
hee: (nn with ils th ate ai ath of vascular cylinind abate 
2 mis (End), pericycle (Pe), phloem and xyle : i 
pith (Pi) with tannin cells (7), x25. er Wire Oty ali) Sa 
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is dictyostelic, with 2-5 meristeles arranged in a ring (Fig. 4). The 
large size of the bundles and narrow gaps are in accord with the 
erect habit of the species. The structure of the meristeles in this 
species is of the usual Blechnum type (see Bower, 1928). Each has 
a distinct endodermis possessing Casparian thickenings; the pericycle 
is 1-3 layers thick; phloem surrounds the xylem completely; meta- 
xylem elements are large and form the main bulk of the meristele 
(Fig. 3, iii). The pith is parenchymatous, occasionally becoming 
brown. Between the various meristeles are thick-walled, oval-triangular 
areas, dirty blue in colour and with thick contents. 


In the formation of the leaf trace, the species resembles B. tubulare 
(Bower, 1928). It is always preceded by the formation of a root 
trace which initiates the opening in the central stele (Fig. 4, R). Fig. 5, 


Fics. 4-6—Fig. 4. A semi-diagrammatic t.s. of rhizome (R, root trace; Lt, 
leaf trace ; C, cortex), x%. Fig. 5 @-v). Departure of root trace and formation 
of leaf trace ; (vi) division of root trace (R) into 3 main bands (a, 5, c) ; L, adjoin- 
ing leaf base, x%. Fig. 6. Vascular skeleton towards the apex of rhizome based 
on serial transverse sections (semi-diagrammatic), x4. 


i-vi show the course of a root trace. From the middle of one of 
the meristeles, usually the larger and next to the one which has 
already given off a root trace, is cut off a more or less cylindrical 
band of vascular tissue which gradually passes out leaving a wedge- 
shaped gap that separates the two halves of the original meristele. 
This cylindrical band is the root trace which, as it diverges into 
the outer cortex, becomes differentiated into a central and two lateral 
bands—the latter form a number of strands each and the former 
either stops short (Fig. 5, vi-R) appearing externally as a hump or 
it also behaves likewise. The meristeles after root formation, cut off 
a bundle each from the surface facing the root trace. These strands 
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: : . h 
the leaf traces. Higher up the meristeles fuse again. Eac 
leaf trace divides here the cortex of the stem before entering 
the leaf base. During this time black areas appear 1n the cortex Besa 
the leaf bases and the original meristeles, which enlarge gradually an 
finally result in the separation of the leaf base from the rhizome. 
There is reason to believe that the root trace and the leaf traces are 


Fics. 7-15—Fig. 7. (a) Palea, x14; (6) same apex, x74. Fig. 8. (a) Margin 
(m) of palea showing long hairs (4); (6) latter with glandular apex, X 40. 
Fig. 9. Apices of palee showing dichotomy, x7}. Fig. 10. A portion of palea 
showing differentiation of inner and outer regions, x25. Fig. 11. A portion of 
t.s. of petiole: E, epidermis ; C, cortex; G, ground tissue, x25. Fig. 12 (a-c). 
Departure of pinna trace, x6. Fig. 13. T.S. of midrib and pinna, x6. 
Fig. 14. T.S. flap, x25. Fig. 15. T.S. of a portion of leaf blade, x25. 


initiated simultaneously in some cases. Fig. 6 gives the appearance 
of the vascular cylinder. 


The palee form thick brown felt around the growing point and 
the leaf bases. On the rhizome they are associated with unicellular 
glandular hairs arising among their bases. Each palea is a flat, peltate 
structure with an acute-acuminate apex and densely hairy margin 
(Fig. 7 a,b). The marginal hairs are sometimes very long, uniseriate, 
multicellular and with a colourless apical cell (Fig. 8 a, b). Rarely 
the apex dichotomises (Fig. 9). Each palea is differentiated into an 
outer light brown-yellow thin-walled region and an inner dark brown 


ae 


et 
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highly thick-walled region (Fig. 10). However, the palee developed 
on the younger rhizomes and on young leaves do not show such 
a marked differentiation. 


THE LEAF 


The petiole is thick and nearly circular in cross-section (Fig. 5, 
vi). At the base the cortex is differentiated into an outer light brown, 
2-4 layered, thin-walled region and an inner brown, very thick-walled 
region. Higher up the whole tissue is uniformly thickened; the 
ground tissue is parenchymatous with intercellular spaces (Fig. 11). 
The number of vascular strands is proportional to the leaf size and 
are arranged in a nearly horse-shoe shape (Fig. 5, vi-L). The two 
bundles towards the upper epidermis are larger, with xylem more or 
less resembling in shape, i.e., having the dorsal lateral protoxylem 
elements prolonged into a thin inverted band (Fig. 12a); in the 
smaller bundles also the xylem has nearly the same orientation. The 
number of vascular strands in the rachis decreases as the vascular 
branches are given off to pinne. The pinne traces are cut off alter- 
nately in an intra-marginal manner (Fig. 12 a-c) from the larger 
bundles. On entering the pinnz the single strand cuts off a lateral 
branch on either side. The midrib of each pinna has the same 
vascular structure as that of the rachis. It has 3 strands, a central one 
and 2 lateral ones (Fig. 13)—the latter supplying the lamina. The 
midrib shows 6-7 layers of sclerenchymatous hypodermis and a more 
or less thickened ground tissue with intercellular spaces. The indusial 
flap is 4-5 layered and without photosynthetic tissue (Fig. 14). The 
flange has the appearance of a normal blade, with epidermis, meso- 
phyll (Fig. 15) and a system of open venation extending outwards from 
the commissure. The sorus-bearing veins have become partly modified 
and may not appear externally as normal veins. 


DISCUSSION 


Diels (1902) includes Blechnum in Blechnine which he places in 
Asplenee together with Aspleniine, regarding the latter comparatively 
primitive. Bower (1928) regards the 2 groups as having originated 
from two distinct sources. According to him Blechnioids sprang from 
an early Cyathioid source and Mettuecia intermedia C. Chr. may 
provide a connecting link.” Christensen (1938) places it in Blechniodez, 
Polypodiacee, and considers the group as indusiate since the flange 
is wholly of the same nature as the part of the sterile leaf. Holttum 
(1949) places it in Blechniodee, Dennstedtiacee. He follows Copeland 
(1947) in regarding Athyrium (—Diplazium) as more related to Blechnum 
than Asplenium. 


The rhizome of Blechnum is dictyostelic as in Dryopteriods. The 
leaf trace is double in contrast to a single trace (containing two 
straps) of Asplenium. In Athyrium, though the leaf trace originates 
as a double strand as in Dryopteris thelypteris (L.) Gray, it unites at 
the base of the blade into a gutter-shaped meristele (Bower, 1928). 
The formation of leaf trace in Blechnum is preceded by formation of 
a root trace, as in some species of Athyrium (unpublished data) and soon 
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divides into a number of traces before leaving the cortex, resembling 
in this respect some species of Stenochlena (Bower, 1928). In Woodsia 
the double leaf trace ‘ beneath their point of origin pass out the 
supply to one or numerous roots’ (Bower, 1928), i.e., the leaf trace 
is preceded by root traces. In intra-marginal origin of pinna trace, 
the orientation of xylem in the bundles from which they originate, it 
resembles some species of Cyclosorus (unpublished data) and Dryopteris 
(Bower, 1928). 


If palee count in phylogeny, as Holttum (1949) stresses, then 
Blechnum stands apart from Stenochlena. It has lanceolate, flat, 
peltate, dentate-hairy palee with an apical glandular cell and a differ- 
entiation into an outer thinner and an inner extremely thickened dark 
brown region in strong contrast to peltate, oblong, slightly dentate 
and thin-walled palee of Stenochlena; uniformly thickened ones of 
Asplenium but shows some resemblance to uniformly thickened dentate- 
hairy ones, with glandular apical cell, of Athyrium (A. macrocarpum, 
however, shows tendencies towards development of inner dark brown 
and an outer brown region) which resemble to some extent the palez 
developed on the young Blechnum rhizomes. However, a detailed 
study of palee in other related genera is desirable. The present 
knowledge taken together with the nature of and origin of sporangia 
and sorus further strengthen relationships between Blechnum and 
Dryopteriods. 

SUMMARY 


The rhizome of B. orientale is dictyostelic. The leaf trace is double 
and is preceded by formation of a root trace which initiates the 
opening of the gap in the central cylinder and branches into a number 
of traces before leaving the cortex. The leaf trace divides further into 
a number of variable strands and enter the leaf base arranged in 
a horse-shoe shape. The pinna trace is intra-marginal. The peltate 
dentate-hairy palee with a glandular apex are differentiated into an 
outer thin-walled and an inner thick-walled region. 


_ Iam grateful to Prof. Alma G. Stokey for kindly going through 
this paper. Thanks are due to the Gauhati University authorities for 
research facilities. 
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Fic. 1. Blechnum orientale. a, x1/40; b, «1/120. 
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A FURTHER CONTRIBUTION TO THE 
KNOWLEDGE OF SAHNIANTHUS 


By S. D. CHITALEY 
University of Reading, England 


(Received for publication on February 28, 1955) 


INTRODUCTION 


IN 1949 the author collected a big piece of fossiliferous chert from 
Paladon, a village near Mohgaon-Kalan in the Chhindwara district 
of Madhya Pradesh, India (Text-Fig. 1). It contained a number 
of petrified Enigmocarpon fruits (Sahni, 1943), pieces of dicotyledonous 
stems of different thickness, dicotyledonous leaves and numerous 
flowers of Sahnianthus (Shukla, 1944). 


About 150 flowers were discovered after slicing the piece of 
chert. These flowers were embedded in different planes and exposed 
in different views. Some of them were well preserved and suitably 
oriented and so could be studied in detail. From the study of these 
different flowers it is observed that all of them are Sahnianthus flowers. 
Their close study at different planes by serial sections has revealed 
some new interesting features about the structure of Sahnianthus. 
These new facts are put forth in this paper. 


MATERIALS AND METHODS 


The cut piece of a rock, with both the surfaces smoothened, was 
mounted on a slide and the thickness of the whole was measured by 
a micrometer screw gauge. The surface to be ground was first drawn 
by a camera lucida, and the piece was further ground evenly on a piece 
of glass with carborundum powder for a while to take off the rock 
of about 100 thickness (1/10mm.). The thickness of the piece with 
the slide was again measured, and the new surface was again drawn. 
The difference between the two drawings at two measurements gave 
the thickness of the real section ground off and thus a series of 
successive sections of desired thickness could be taken and drawn. 
This gave a good chance to study the material by serial sections. 


OBSERVATIONS 


Horizon and the age of the bed.—The village Paladon lies on the 
Lat. 22-15’ N. and Long. 79:11’ E. (Text-Fig. 1), in the Chhindwara 
district of Madhya Pradesh, India. The fossiliferous bed exposed here . 
is an exposure of the Deccan Inter-trappean Series. According to the 
different authors (Sahni, 1940; Sahni and Rode, 1937; Rama Rao, 
1936) the age of this series is early Tertiary, most probably Eocene. 


Revised diagnosis of the genus Sahnianthus.—Flower actinomorphic, 
hermaphrodite; calyx gamosepalous of six or more sepals enclosing the 
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Fic. 1. Map showing the position of Paladon in the Chhindwara district, M.P., 
India (after Sahni and Rode, 1937). 


ovary, free lobes of the sepals valvate in bud; corolla absent; 
stamens protandrous, arising from near the top of the calyx tube, 
some opposite and some of them alternating with the sepals; filaments 
short, anthers dorsifixed with four elongated pollen sacs dehiscing 
longitudinally and laterally; pollen round, with a smooth exine; 
gynecium with a simple stigma, a homostylous style and a spherical 
ovary on a short stalk; ovary divided completely into six or more 
loculi, placentation axile, ovules numerous in two rows; inflorescence, 
flowers stalked, arising from a branched pedicel. 


Revised specific diagnosis of Sahnianthus parijai Shukla—Calyx 
lobes when mature about 7 mm. long from the base of the tube to the 
apex of the lobes, tube about 3mm. long, enclosing a single scale-like 
nectary; stamens more numerous than sepals, some alternating with 
calyx lobes and some opposite; anthers oblong, 0-75-1-0 mm. long, 
protandrous; pollen grains rounded, exine smooth, but with a number 
of grooves; gynecium at time of pollen liberation with an ovary 
0:-9mm. wide, a style 0-45 mm. long, a stigma 0-45 mm. long and an 
ovule 0:10 mm. long, but growing while still in the calyx to 2:4 mm. x 
2:4mm. and borne on a stalk 0-75 mm. long with a style 1-82 mm. 
long, a stigma 0-75 mm. long, and an ovule 0:25 mm. long, slightly 
~ wider than the style; ovules 14-20 per locule, ovule length is 0:25 mm. 
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when ovary is 2.4mm. long; pedicel of the flower about 2-3 mm. in 
length, and branched. 


DESCRIPTION 
The description of the various parts of the flowers is given in 
detail only in connection where the new facts are observed. 


Gynecium.—It was observed that the dimensions of the gynecium 
differ in different flowers. These differences are graded as indicated 
in the graph (Text-Fig. 2). From the graph it is clear that with the 
increase in the diameter of the ovary, there is also an increase in the 
lengths of the style, the stigma, and the ovule and thus there is an all- 
over development in the size of the gynecium. The different flowers 
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Fic. 2. Graph showing the increase in the lengths of style, stigma and 
ovule with the increase in ovary diameter. 


TABLE I 
Ovary diameter Number of flowers 

in mm. obtained 
0:4-0-6 2 
0-6-0°8 a 
0-8-1-0° 7 

2 1:0-1:2 3 
1:2-1-4 4 
1:4-1-6 4 
1-6-1-8 13 
1:8-2-0 10 
2:0-2:2 8 
2:2-2°4 16 


Re 
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S.C. 


Soft tissue 


Fic. 3. A, T.s. style showing stylar canal in the centre surrounded by nine 
patches of soft tissue (Flower No. 433), :x25, DB, Young flower in oblique L.s. 
(Flower No. 104), showing the absence of corolla and undehisced pollen sacs with 
pollen grains, x12}. C, One anther from the above flower; the connective tissue 
is badly preserved, x 50, D, Anther of an older flower (Flower No. 102 damaged), 
showing one of the four pollen sacs dehisced, the rest with pollen grains, x50, 
E, Dehisced and empty anther of an old flower (Flower No. 110), x50, 
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seem to represent stages in the development of Sahnianthus, from partly 
opened buds to old flowers just passing into the fruiting stage. With 
increasing age the style grows in length relative to the rest of the 
flower and all parts of the gynecium increase in size. 


From the table (Table I) of the ovary diameter to the number of 
flowers, it is seen that in a great many flowers the ovaries are 
2-2-2-4mm. wide. It can be assumed from this that the flowers may be 
falling off in greater number at that stage without getting fertilised. 
The above table gives an idea of the number of flowers discovered 
having the same ovary diameter. 


. 4. A-H, Series of transverse sections of one flower from the middle to 
the ae ae No. 127), x13. IN, Series of obliquely longitudinal sections of 
another flower (Flower No. 37), X13. In both the flowers only selected sections 
are shown. Calyx lobes and anthers are numbered, showing the relation between 


them. 
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' Only one flower was discovered with a bigger ovary of 3-0 mm. 
diameter. 


i he different 

Ovary and style-——A careful study of the ovaries of t : 
flowers Has syne an interesting fact that they show a varying 
number of loculi, 7, 8, 9 and 12 being observed. The septa are all 


Fic. 5. A, L.s. showing branched pedicel (Flower No. 142, ground off). The 

flower on the left shows its calyx but not its ovary and that on the right shows 
part of both, x5.  B & C, Anthers showing the dorsal attachment (Flower 
‘No, 93, almost ground off), x33. D, Top view of the calyx lobes ;_ the lower 
four show their midribs (Flower No. 124, damaged), X33. EB, F & G, Nectary ; 
. &, shows its position in L.s. (Flower No. 2, ground off), x11. F, shows the 

cellular details in T.s. (Flower 39, damaged), x33. G, shows the nectary in T.Ls. 
of the base of the flower (Flower No. 39, damaged), x13. H, T.s. calyx tube 
sat the level of the base of the ovary ; 14 vascular bundles seen in the tube and 


ie de in the ovary stalk and apparently a central core (Flower No. 143, ground 
off), x9. 


—-. 
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equal and are represented in the style by an equal number of patches 
of soft tissue round the stylar canal (Text-Fig. 3, A ; 


_ Stigma.—The top of the stigma and also the tangential section 
going through the stigma reveal the papillose nature. The stigma is 
simple in form and is only slightly wider than’ the style. 


Andrecium.—The stamens are episepalous, inserted in the calyx 
tube. The number varies widely. In some flowers there are 8 stamens 
while in others there are even 9, 10 and 12. The relation of stamens 
to sepals is not yet fully clear despite considerable effort. In certain 
flowers I am satisfied that some of the stamens are alternate with the 
sepals but there are more stamens than calyx lobes and some of 
the extra stamens seem to be opposite the sepals. It is also seen 
in the serial sections of the flowers (Text-Fig, 4, A-N). Another 
interesting feature is noted regarding the development of the anthers. 
It is observed that the anthers develop earlier than the stigma, 
thus exhibiting a clear protandrous condition"of the flower. The follow- 
ing table (Table II) shows the condition of the anthers in young and 
older flowers :— 


TABLE II 


Stigma | Ovule 


2 Ovary Style 
oe diameter length length length Condition of anthers 
, mm. mm. mm. mm, 
1 0-76 0°35 0-20 0:09 Anthers with pollen 
grains ; no dehiscence 
2 0-91 0-45 0-45 0-10 Some of the anthers 
dehisced 
3 1-82 1-21 0-76 0-21 Anthers dehisced 
4 2-42 1-82 0-76 0-25 Anthers almost empty 


From the above table it is seen that the earliest anthers seem 
to dehisce in the intervening time somewhere between the stage 
No. 1 and the stage No. 2. In the stage No. 1, the flower is young 
and anthers are not dehisced but are full with pollen grains (Text-Fig. 
3, Band C). Anthers show partial dehiscence in the No. 2 stage, as 
only one of the pollen sacs is dehisced out of the four (Text-Fig. 
3, D). In the stage No. 3 all the anthers are dehisced but still retain- 
ing a few pollen grains. The last stage No. 4 shows the anthers 
dehisced and the pollen sacs almost empty (Text-Fig. 3, E). Thus 
the flowers show a clear protandrous condition. When the gynecium 
is young and immature the anthers shed their pollen grains but the 
shedding being incomplete a few pollen grains are seen lingering 
behind in the pollen sacs of the older flowers. . 


The attachment of the anthers on the filament is dorsal as seen 


well in Text-Fig. 5, B and C. 
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Pollen grains—The pollen grains are very conspicuous at a low 
magnification but less satisfactory at a high magnification, as their 
walls appear to be replaced by small air bubbles. When treated with 
HE the anthers dissolved yielding no trace of pollen grain cuticles. 
Thus no details can be given of the pollen morphology. 


Nectary.—Another interesting fact observed is the presence of 
a nectary-like structure in the gibbous portion of the calyx tube at the 
base of the ovary stalk (Text-Fig. 5,E, F and G). It is a tiny scale 
measuring about 1-0mm.x0-45mm. It has a slender stalk and 
a flattened limb. The delicate cellular structure is not very distinct. 
A careful microscopic examination shows the presence of a layer of 
epidermal cells and a layer of elongated cells on the inner side. 
In the centre there appears to be a branched canal-like cavity. The 
presence of a nectary in the calyx tube, together with the protandrous 
condition of the anthers suggests the nature of pollination taking 
place in the flowers. The nectary is rather concealed in the calyx 
tube by the bulky ovary and the incurved anthers above, thus making 
an access possible only for fairly long tongued insects and suggesting 
the presence of entomophilous pollination in the flowers. 


Corolla—Flowers of different ages were searched for corolla. 
Even in partly opened buds no sign of corolla or its remains were 
seen (Text-Figs. 3,B and 4, A-N). Therefore, I conclude that in 
Sahnianthus a corolla is entirely absent. 


Calyx.—In the bud condition the calyx lobes are valvate in 
arrangement. The top of the calyx is seen clearly in Text-Fig. 5, D, 
when the top view of a young flower was studied. The calyx lobes 
are seen seven in number and are incurved. Eight lobes also are seen 
in Text-Fig. 4,H. The vascular bundles entering the calyx tube 
from the pedicel are more than the number of the calyx lobes and 
are all same in size. Some of them may be supplying the alternate 
stamens and some may be supplying the calyx lobes. The Text-Fig, 
5, H shows 14 vascular bundles entering the calyx tube. 


Nature of pedicel.—All the flowers are pedicellate. In some flowers 
the pedicel is branched but the total extent of the branches isnot 
known (Text-Fig. 5, A). 


CONCLUSIONS 
A hundred and fifty flowers of various stages of development but 


all agreeing with Sahnianthus have been studied. The following new 
or partly new, conclusions are reached ;— : 


1. Inflorescence-—The flower is borne on a branched pedicel. 


2. Calyx tube and calyx.—There are about seven calyx lobes 
valvate in the bud. The calyx tube shows more vascular bundles than 
the number of the calyx lobes. 


3. Corolla.—Corolla absent, even in the bud. 


4, Nectary.—Present as a single scale at the slightly gi 
of the calyx tube, 7 slightly gibbous base 
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5. Stamens.—Protandrous, exceeding the number of sepals, borne 
at the top of the calyx tube, some of them alternating with the sepals. 
Dehiscence longitudinal and lateral. 


6. Style.—Elongating rather late in flower development after the 
pollen has been shed. Stigma slightly swollen, papillose. 


7. Ovary.—Varying number of loculi (7, 8, 9, 12 being observed). 
Septa all equal and loculi represented in the style by an equal number 
of patches of soft tissue around the stylar canal. 
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ALTERNARIA BLIGHT OF CASTOR PLANTS 


By R. S. SINGH 
Plant Pathological Laboratory, Govt. Agricultural College, Kanpur 


(Received for publication on July 15, 1954) 


Some stray castor plants (Ricinus communis L.) were found affected 
with a leaf spot disease at the Government Agricultural College 
Estate, Kanpur, India, during August 1952. The spots were covered 
with a bluish-green growth. Microscopic examination of this growth 
on the spots revealed the association of an Alternaria with the disease. 
During November and December 1953 when there were rains for 
several days and the atmospheric temperature had fallen to a range 
of 14-18°C., the disease appeared in a severe form on some exotic 
varieties of castor imported from the United States on the Government 
Research Farm, Kanpur, and also in fields at Chakeri near Kanpur. 


The occurrence of an Alternaria on leaves of castor plants has 
been reported from different parts of India by Dastur (1913) and later 
on by Chibber (1914) and Dey (1945). In all these reports the fungus 
has been mentioned as causing leaf spots. However, no specific epithet 
has so far been assigned to the fungus occurring in this country on 
Ricinus communis L. 

SYMPTOMS 


All the above-ground parts of the plant may be found affected, 
depending upon the susceptibility of the variety attacked. The spots 
on leaves may appear on any portion of the lamina but are common 
on the margin. They are irregular, brown and later on covered with 
a bluish-green or sooty growth. The diseased leaves dry in patches 
and curl at the edges. In severe cases the scattered spots coalesce 
ultimately resulting in the premature fall of the leaf. In some suscep- 
tible varieties there is premature defoliation of the plants most of 
which gradually wilt away. 


The inflorescence and the capsules also get covered partially or 
wholly with a similar sooty growth. When infection occurs in early 
stages of flower development the floral buds are killed and the indivi- 
dual flowers or the entire inflorescence turns black. In later and 
severe infections the flowers shed without capsule formation leaving 
a bare rachis. In mild attacks only the individual flowers dry up. 


Two types of infection on capsules have been observed. 
cases the capsules that have developed about half their nonmal ai 
wilt suddenly, turn brown and due to collapse of the pedicel, fall or 
hang down. They remain undersized, with underdeveloped and 
wrinkled seeds which show poor or no germination. The seeds look 
dry and apparently contain very little oil. In other cases mostly on 
fully developed capsules, the infection leads to the appearance of 
sunken spots on one side of the capsule. The spots may be covered 
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with the characteristic growth of the fungus. They sometimes increase 
in size involving the entire capsule. The fungal growth, if the capsules 
crack, may reach the seeds, affecting the apices. where, in many 
cases, a whitish growth of the fungus mycelium can readily be noticed 
with naked eyes. 


Stem lesions have been observed in varieties E.C. 1514/A, 
E.C, 2181/A, and E.C. 4103/A (all exotic varieties) which were most 
susceptible under field conditions and in which almost hundred per 
cent. of the plants were defoliated in some plots. No seedling blight 
has so far been observed in the field. Under conditions of artificial 
inoculation, however, when freshly emerged seedlings were sprayed 
with spore suspension and kept in an atmosphere saturated with 
moisture, it has been observed that the cotyledonary leaves are highly 
susceptible to rotting induced by the fungus while the infection on true 
leaves is relatively mild. If true leaves have not yet developed on the 


_ seedling the latter may rot and collapse within’a week of inoculation. 


On cotyledonary leaves the spots are slightly zonate with more or less 
regular margin in the beginning and get covered with fungus sporulation 
soon after formation. ‘ 


The severity of the disease has been found to vary according to 
variety of the host. The varieties newly imported from.the U.S.A. 


are the most susceptible. In some varieties there is serious defoliation, 


in others though there is no defoliation the infection occurs with equal 
intensity on leaves, inflorescence, and capsules while there are varieties 
in which even. the leaves show only mild attack. Sporulation ofthe 
fungus on the host is conditioned by atmospheric humidity and 
temperature. Under conditions of high atmospheric humidity and low 
temperature (16-20° C.) the sporulation is abundant and very rapid 


.on the host surface. : 


MORPHOLOGY OF THE FUNGUS 


__ The morphological characters of the conidiophores and. the 


. conidia were studied in mounts prepared in lactophenol from freshly 


collected specimens. Only mature conidia were considered for study. 


The conidiophores are mostly solitary, sometimes in_ fascicles. 
They may be simple or branched and are olivaceous in colour. Their 
length varies from 62 to 109» and their diameter from 2-5 to 6:5y. 
Each conidiophore is 3-8 septate. hae 


The.conidia (Figs. 1-10) on the host are obclavate, light’ olive 
in colour when viewed singly but darker in mass. They have 
rarely been. seen in chains when examined from the host. . However, 
in young cultures chains containing 2-6 conidia’ have been seen 


_ (Fig. a)... The conidia .are segmented into 5-16 cells. through 


4-10 (average 8) transverse septa and 0-5 (average 3) longitudinal 


_septa...They have narrow, colourless and long beaks measuring 
_12-6-155-4 in length with an average of 92:5... No branching of 


the beak. has been observed. The size of conidia as obtained from 


. 500 measurements is shown. in Table I. 
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TABLE I 


Size of conidia of Alternaria sp. on castor plant 
i EEEEIENEIEREEEEInEEEEeEneE me 


With beak Without beak Width 
| 

Length groups ore Length groups gira Groups | besa ot 

(microns) he freee (microns) the’ group (microns) | the group 
71-4 to 79-8 28 29-4 to 33-6 6 12-6 24 
84-0 to 92-4 46 37-8 to 42-0 24 16-8 222 
96-6 to 105-0 © 58 46-2 to 50+4 100 21-0 125 
109-2 to 117-6 93 54-6 to 58-8 122 25+2 RS 
121-8 to 180-2 104 63-0 to 67-2 132 29-4 43 
134-4 to 142-8 ° 68 71-4 to 75-6 68 33-+6 11 
147-0 to 155-4 38 79°8 to 84-0 32 
159-6 to 168-0 29 88-2 to 92-4 16 
172-2 to 180-6 | 22 
184°8 to 193-2 14 

500 500 500 


Average length of conidia with beak 124-27 4; —_ without beak 61-804; average 
width 20-36 yu, 


The fungus could readily be obtained in cultures by transferring 
the superficial growth on the host to agar slants. It grows well on 
two per cent. potato dextrose agar at a temperature range of 16-26° C 
Sporulation starts within five days, 


The conidia formed on potato dextrose agar are much smaller 
in size than those formed in nature (Figs. a—/). In young cultures, 
while initially formed in chains, they rarely possess the typical beak 
(Figs. e-h). Instead, a large number of them have got a_pedicel- 
like structure at one end (Fig. g). However, their size and shape 
depends, to some extent, on the age of the culture. In three 
weeks old cultures on potato dextrose agar the conidia attain a bigger 
size (Table II) and some of them may possess a beak (Fig. k) which 
is not as long as in nature. 


This variation in the size of conidia from naturally infected host 
specimens and from artificial media has been constantly observed in 
a series of single spore cultures started from affected leaves, flowers 
capsules and seeds separately. When the fungus has been reinoculated 


ages 
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Fics. 1-29.  Alternaria ricini on castor—Figs. 1-10. Conidia formed on 
castor leaves and capsules under natural conditions, 375. Figs. a—/. Conidia 
formed on two per cent. potato dextose agar in one to two weeks old cultures, 
x375. Figs. m, n, p. Conidia forming hyphe in cultures, <375. Figs. 17-26. 
Conidia formed on artificially infected leaves two weeks after inoculation, x375. 
Figs. 27-28. Germination of conidia in one week old cultures. Fig. 29. Germi- 
nation of conidia_on_castor leaves, x 375. 
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TABLE II 


Size of conidia* of Alternaria sp. isolated from castor leaves 
on two per cent. potato dextrose agar 
at room temperature (18-26° C.) 


eee Neer err L———K— 


Length with beak | Length without beak Width 
Age of the (microns) (microns}j (microns) 
CUltGre dh. ey ‘ eins 
(days) | | 
Range Average Range Average Range | Average 


inn nen LUE EEE Seas 


3 16-80-33-80 | 25-31 16-80-31-60 | 21-00 4-2-12-6 | 10-64 
7 21-00-37-80 | 27-89 16-80-35-70 22-00 8-4-16-8 | 10-80 
21 24-96-45-76 | 31°53 16-64-31-20 21-56 8-4-16-8 ) 11-49 


35 33-28-49-92 | 42-37 16-64-3570 20-42 | 8-4-21-0 | 11-64 


/ 
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* Based on 500 measurements each. 


on the host leaves, conidia resembling in every respect those from 
which the cultures were originally taken, are formed. 


PATHOGENICITY 


The pathogenicity of pure cultures of the fungus was tested by 
inoculating castor plants at different stages of growth. The results 
are summarised below: :, 


I. Seedlings grown from disinfected seeds in autoclaved soil were 
sprayed with a thick spore suspension three days after emergence. 
The pots were kept covered with a bell jar with provision for maximum 
atmospheric humidity. Within three days of inoculation big, sooty 
patches appeared on cotyledonary leaves of all the inoculated plants 
while seedlings in uninoculated series grew normally. Soon the 
petioles collapsed and the seedlings died within a week of inoculation. 


II. Seedlings were grown as above in autoclaved soil. When 
they were two weeks old and the first leaves had formed the plants were 
sprayed with a spore suspension and kept in moist chambers for 
two weeks. Spots developed on the first leaves though not so rapidly 
as on cotyledonary leaves. Within two weeks some plants were 
completely blighted. There was defoliation of other plants also but 


when they were taken out and placed in open atmosphere most of 
them produced fresh leaves. 


III. Inoculation of mature leaves, inflorescence and capsules — 
Small pieces of fungus culture were placed on mature leaves and 
covered with cotton kept moist for 48 hours after inoculation. The 
inflorescence was inoculated by spraying with spore suspension. The 
inoculated inflorescence was covered with a cellophane bag and the 
plants kept in moist chamber for three days. The young capsules 


: 
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were inoculated with the same method as for mature leaves but in 


‘some cases their surface was punctured with a sterile needle. The 


results of these inoculations on the mature plants are shown in 
Table III. 


TABLE III 


Inoculation of ; different parts of the mature castor plant 
with isolate of Alternaria ricini 
SSE 


Plant part Number of | Percentage | Incubation | 
ae inoculations of period | 
done infection (days) | 
Mature leaves a 50 62-0 7-8 
Inflorescence 45 16 75°0 6-7 Entire inflorescence 
turns black followed 
Young capsules— by rotting 
(z) Unwounded .. 18 22-2 9-12 Minute specks 
(6) Wounded aye 15 93-3 6-7 


The infection on mature leaves was not as rapid and severe as 
on cotyledonary leaves. The inflorescence and the capsules are 
highly susceptible especially when the capsules have been wounded. 
Under conditions of high humidity the inflorescence soon starts rotting 
and the flowers are shed. The capsules are completely covered with 
the fungus sporulation and the fungus can easily be reisolated even 
from the interior parts of the capsules. 


SEED-BORNE NATURE OF THE DISEASE 
McClellan (1944) and Stevenson (1945) reported that the blight 


_of castor caused by Alternaria compacta and A. ricini was seed-borne 


and that the fungus could grow from the caruncle of seeds plated on 
solid agar. They also noted that even the enodsperm and the embryo 
carried the fungus. In order to test the seed-borne nature of the 
disease under study seeds of some susceptible varieties collected from 
spotted capsules and from healthy capsules in diseased field, were 
given different treatments (Table IV) and plated on solid sterile agar. 
Each treatment consisted of three replicated plates and five seeds 
were placed in each plate. In all 60 seeds, freshly collected from the 
field, were tested and the entire experiment was repeated thrice during 
January-March 1954. The results are shown in Tables IV and V. 

The fungus growth started within two days of plating and was 
common from the caruncle in all the treatments. In case the 
testa was broken before plating some seeds produced the fungus 
growth through’ the broken portion. Apparently the fungus was 
present on the endosperm. It is clear from Tables IV and V that 
most of the seeds in the capsules, having spots on the surface but 
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TABLE IV 


Fungi growing from variously treated seeds collected from 
spotted capsules and plated on sterile plain hard agar 
ae 

Percentage of | 
seeds giving 
Treatment of seeds growth of Other fungi commonly obtained 
A. ricini 
(out of 45 seeds)| 


Seeds plated without any treatment 88-9 | Fusarium sp. producing deep red 
| pigment on potato dextrose 
| agar (in 19 cases) 

| 


Seeds plated after being washed | 84-4 | Fusarium sp. as above (in 
with sterile water _ 6 cases) 


Seeds washed with 0+1% mercuric | 
chloride solution for 5 minutes, | 
rinsed in sterile water : 


(a) plated intact 44-4 None 
(4) plated after breaking the 60-0 None 
testa 
TABLE V 


Fungi growing from variously treated seeds collected from 
healthy capsules in a diseased field and plated 
on Sterile plain hard agar 


Percentage of | 
seeds giving 
Treatment of seeds growth of | 


Other fungi commonly 


A. ricini obtained 
(out of 45 seeds) 
Seeds plated without any treatment | 35°+6 Fusarium sp.in 8 cases 
Seeds plated after being washed with 20-0 Fusarium sp. in 2 cases 


sterile water 


Seeds washed with 0-1% mercuric 
chloride solution for 5 minutes and 
rinsed thrice with sterile water : 


(a) Seeds plated intact oa 4+4 None 
(4) Seeds plated after breaking the | 6+7 None 
testa 


—eeeeeeSSSSSSSSSSSSSSSSSSFSFse 
bearing healthy looking seeds, contain the fungus on the seed’ coat 
especially on the caruncle. The presence of the fungus withing 
seed is also common in spotted capsules. Even healthy capsules are 
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likely to bear seeds carrying the fungus externally. However, the fungus 
is rarely present internally in such seeds. 


TAXONOMY OF THE FUNGUS 


Three species of Macrosporium have been described on Ricinus 
communis L. Yoshii (1929) described M. ricini pathogenic on castor 
leaves. Later on Hansford (1943) changed the designation of 
M. ricini to Alternaria ricini. Parisi (1921) described M. cavare on castor 
producing round, brownish, slightly zonate leaf-spots with a dark 
coating of conidiophores. The cotyledonary leaves and the first 
leaves of seedlings were attacked with considerable virulence. Cook* 
described M. compactum occurring on the same host. McClellan 
(1944) gave the name Alternaria compacta to the fungus described by 
Cook and also expressed the possibility that Alternaria compacta and 
M. cavare of Parisi were synonymous. A year later, Stevenson (1945) 
reported almost a similar disease from the U.S.A. caused by Alternaria 
ricini (Yoshii) Hansford. The spore-size as given for these species by 
the respective workers is shown in Table VI. 


TABLE VI 


Comparison of the size of conidia of different species of Macrosporium 


and Alternaria reported on castor plant 


Size of conidia without beak 


y (microns) 
Species reported A Length of the beak 
on castor pernork? ee (microns) 
Range Average 
Macrosporium Cook (1880) 20-30 x12-14 | No beak 
- compactum | 
U. cavare .-| Parisi (1921) 34-40 x 10-13 | No beak, instead a 
| pedicel present. 
M. rictui= Yoshii (1929) 42-78 xX 8-7-- oa 30-100 
_Alternaria ricint 19-5 | 
diternaria compacta ..| McClellan (1944) 14-38-5 x kaa 21-4x10°8 No elongated beak 
1. ricini ..{ Stevenson (1945)} 47-96 x15-29 | 70 x22 _ tape! 
Writer’s speci an on the host 29-4-92-4X%]2-6- | 61:8x20-4 | 12-6-155+5 
Beiter S Species (a) a es 
(6) In one week | 16-8-35-7x 8-4-— | 21-6X11-5 | No elongated beak. 
old cultures on 16:8 Presence of pedicel- 
2% p.d.a. like structure com- 
re mon 


* Quoted from McClellan (1944). 


From the figures in Table VI it is evident that, due to similarity 
in spore-size and presence of a long beak, the fungus under study 
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can be favourably compared with only Alternaria ricini (Yoshii) 
Hansford amongst the species recorded so far on castor. Of course, 
the size of conidia is slightly bigger than the size given for A. ricini 
and slightly shorter than the size given by Stevenson (1945) for A. ricini 
but such variations are not uncommon within one species of the 
genus Alternaria. Other characters of the conidia and the conidio- 
phores and the description of the disease given by Stevenson (1945) 
are very similar to those observed by the writer. Therefore it has been 
concluded that the present fungus is the same as Alternaria ricini 
(Yoshii) Hansford. 


From the foregoing taxonomic description of the fungus under 
study it is apparent that while it shows resemblance to Macrosporium 
ricini of Yoshii (1929) or to Alternaria ricini as described by Stevenson . 
(1945), when the characters and measurements are those of conidia 
formed on the host tissues; its measurements are like those of 
M. compactum, M. cavare and A. compacta when the conidia have 
been raised on artificial media. Stevenson’s (1945) account of 
A. ricini clearly indicates that he had described the fungus as on 
the host. It is not known whether the measurements for M. cavare 
given by Parisi (1921) pertain to conidia raised on artificial media 
but from McClellan’s (1944) account it appears that he described 
A. compacta on artificial media. Thus the fungus studied here shows 
measurements similar to M. ricini or A. ricini on the one hand, when 
grown on the host tissue, it shows measurements and characters of 
conidia very much indicative of M. compactum, M. cavare of 
A. compacta when the conidia are raised on artificial media. 


McClellan (1944) has already expressed the possibility of 
M. cavare of Parisi being a synonym of M. compactum or A. compacta. 
The resemblance of the writer’s species to all these three species of 
Alternaria, when grown under two different conditions, strongly suggest 
that M. cavare, A. compacta and A. ricini are synonymous. This is 
also supported by the fact that symptoms on seedlings described here 
are very much similar to those given by Parisi (1921) and that there is 
close resemblance between the present description of the disease and 
the descriptions given by McClellan (1944) and Stevenson (1945). 


SUMMARY 


A blight disease of castor plants (Ricinus communis L.) caused 
by Alternaria ricini (Yoshii) Hansford, hitherto not reported from 
India, has been described. 


_ The symptoms of the disease include leaf spots or blight, black- 
ening, blighting and shedding of the flowers, spotting and blighting of 


ne parses and in some cases stem lesions and defoliation of the 
plants. 


The characters of conidia resemble those of A. ricini when formed 
on the host tissue but when raised on artificial media they are very 
much similar to those of A. compacta described by McClellan (1944) 


on the same host. There is a possibility of M. cavare, A. compacta 
and A. ricini being synonymous, ; ania. 
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The disease is both externally and internally seed-borne. The 
fungus is mostly associated with the caruncle but may be present on 
the endosperm. Even healthy capsules in a diseased field are likely 
to produce seeds carrying the fungus. 


There are indications from field observations that the disease is 
more severe on certain varieties, especially those imported from the 
U.S.A., than on others. 
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A NEW SPECIES OF SAPROMYCES FROM 
SOUTH INDIA 


By M. O. P. IyENGAR, K. RAMAKRISHNAN AND C, V. SUBRAMANIAN 
University Botany Laboratory, Madras-5S 


(Received for publication on March 8, 1955) 


Tue fungus which forms the subject of this communication was found 
growing on some leaves fallen into the water in a stream in Kambakkam 
Hills, sixty miles north of Madras. 


The fungus is filamentous, branched and ceenocytic. The hyphe 
are cylindrical and hyaline, 7-15 thick and are divided into segments 
by constrictions formed at intervals. In the older portions of the 
thallus these constrictions are blocked by refractive “cellulin’’ plugs 
(pseudosepta). 


The growth of the hyphz is briefly described below. The growth 
is always terminal. The tip of the terminal segment is broadly rounded. 
The terminal portion of this segment puts forth a small papilla with 
a short, narrow basal portion and a broader upper portion. The 
upper portion grows into a long, cylindrical hyphal segment of more 
ot less the same thickness as the old hyphal segment (Figs. 2, 6). 
The narrow basal portion of the papilla does not increase in length 
but becomes a constriction between the old and the newly formed 
segments (Figs. 2, 6). This process may be repeated (Fig. 13). Quite 
frequently, however, the papilla, instead of growing into a cylindrical 
hyphal segment, grows broader into a clavate sporangium so that the 
old hyphal segment is terminated by a sporangium (Figs. 6-8, 10). 
After the formation of one terminal hyphal segment or sporangium 
further segments or sporangia or both may be formed by the side 
of the first formed segment or sporangium, forming a more or less 
umbellate cluster (Fig. 9). When a hyphal segment is terminated by 
a sporangium, further growth of the hypha necessarily stops. In that 
case, the further growth of the hypha is taken up by one or more hyphal 
segments which may be formed immediately below the terminal 
sporangium (Figs. 1, 10). In the latter case, the growth of the hypha 
becomes sympodial. Both monopodial (Fig. 13) and sympodial 
growth (Figs. 1, 10, 11) are seen in the same thallus, but the latter 
is more common than the former. It may be mentioned that, though 
sporangia are usually formed either terminally or sub-terminally very 
catechatece on re a Scat laterally from any portion of 

segmen ig. , includin i 
Drcan Fie 13, g. 12) g even the basal portion of the 
HOLDFASTS 


The fungus is attached to the substratum b i 

y a thick-walled, 
or less pear-shaped hapteroid pseudo-cell (Figs. 3-5). The nee 
cells are 42 (26-63) broad and 56 (42-80) long. From the upper 


am 


A NEW SPECIES OF SAPROMYCES FROM SOUTH INDIA 141 


side of this pseudo-cell are formed one or more (up to seven) hyphal 
filaments which are constricted near the base (Figs. 3-5). 


SPORANGIA 


The sporangium is ovoid when young, but more elongate and 
clavate with a broadly rounded apex when fully developed (Figs. 7-9). 
It possesses a thin, hyaline, smooth wall. At first it is in communication 
with the hyphal segment below through the constriction, but later on 
it becomes cut off from it by the formation of a cellulin plug in the 
constriction. The sporangia are 23 (14-30) broad and 80 (21-144) u 
long. 


In the material were found several sporangia with numerous 
rounded daughter protoplasts prior to zoospore formation (Figs. 14, 15), 
but the actual formation and escape of the zoospores or their structure 
were not observed. But plenty of empty sporangia from which the 
zoospores had escaped were found in the material (Figs. 9-13). Many 
young germlings were also found in the material. In one case, some 
of the zoospores had not escaped from the sporangium, and were seen 
germinating in situ inside the sporangium (Fig. 16). 


SEXUAL STRUCTURES 


The plants are dicecious. The oogonia are obovate or spherical, 
each with a short stalk (Figs. 17-19). They are about 25 in diameter. 
The antheridium is irregularly clavate and is borne on a long slender 
hypha. The antheridia are 9-5 broad and 19,» long. Fertilization 
takes place by means of a fertilization tube (Fig. 18). The ripe 
oospore has a thick reticulately sculptured wall (Figs. 17-19). The 
oospores are 28-32 in diameter. 


SYSTEMATIC: POSITION 


The fungus clearly belongs to the Leptomitales since the thallus 
of the fungus is eucarpic and its hyphe are segmented by constrictions 
which become plugged with cellulin. The presence of the basal 
pseudo-cell indicates that the fungus belongs to the Rhipidiacee in 
the Leptomitales. Taking the four genera of the Rhipidiacee (Sapro- 
myces Fritsch, Araiospora Thaxter, Rhipidium Cornu and Mindeniella 
Kanouse) the present fungus differs from Araiospora and Mindeniella 
(Figs. 26, 27) in not having spiny sporangia. It differs still further 
from Araiospora (Fig. 30) in not having cellular walled oospores, and 
from Mindeniella (Fig. 23) in not forming the reproductive stuctures 
(sporangia, antheridia and oogonia), directly from the basal pseudo- 
cell (Sparrow, 1943, p.572). Coming to the remaining genera, 
Rhipidium and Sapromyces, in Rhipidium, the hyphal system of the 
thallus develops only to a very limited extent (Fig. 21), whereas in 
Sapromyces it is extensively developed (Cornu, 1872; Schroeter, 1897; 
Kanouse, 1927; Fitzpatrick, 1930; Sparrow, 1943; Indoh, 1953). 
Consequently, the basal pseudo-cell in Rhipidium appears disproportion- 
ately large as compared with its hyphal system, whereas in Sapromyces 
the basal pseudo-cell forms comparatively a very small part of the 
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Figs. 1-19. Sapromyces indicus.—Figs. 1 & 2. Pari of thallus showing branches 
and sporangia. Figs. 3-5. Holdfasts. Figs. 6-8. Early stages in the formation 
of sporangia. Fig. 9. An umbellate cluster of sporangia. Figs. 10&11. Sympo- 
dial growth of the thallus. Fig. 12. Production of sporangium laterally from the 
upper portion of a hyphal segment. Fig. 13. Production of two sporangia 
laterally from near the base of a hyphal segment. Figs. 14 & 15. Late stages in the 
formation of zoospores. Fig. 16. In situ germination of zoospores within a 


sporangium. Figs. 17 & 18. Mature oospores. Fig. 19. Oospore, empty anther- 
idium and fertilization tube. 


whole thallus (cf. Figs. 20, 21). A comparative study of the organ- 
ization of the thallus in the four genera of the Rhipidiacee shows that 
there is a progressive reduction of the hyphal system coupled with 
an enlargement of the basal pseudo-cell. For instance, in Sapromyces 
there is a well-developed hyphal system and a comparatively small 


Fics. 20-31. General structure of the thallus, sporangia and oospores in the 
four genera of the Rhipidiacee.—Figs. 20, 24 & 28. Sapromyces (androgynus), 
thallus, sporangia, oospores and antheridia_ respectively (after Thaxter from 
Fitzpatrick, 1930). Figs. 21, 25 & 29. Rhipidium (americanum), thallus, sporangia, 
oospore and antheridium respectively (after Thaxter from Fitzpatrick, 1930). 
Figs. 22, 26 & 30. Araiospora (pulchra), thallus, sporangia, oospores and antheridia 
respectively (after Thaxter from Fitzpatrick, 1930). Figs. 23, 27 & 31. Mindeniella 
(spinospora), thallus, sporangium and resting spores respectively (after Sparrow, 
Mycologia, 33: 290, 1941). 


basal pseudo-cell (Fig. 20). In Rhipidium and Araiospora the hyphal 
system is highly reduced while the basal pseudo-cell has become 
comparatively larger (Figs. 21, 22). In Mindeniella, the hyphal system 
is completely suppressed and the reproductive structures are borne 
directly on the large basal pseudo-cell (Fig. 23). Sapromyces thus 
appears to be the most primitive genus among the Rhipidiacee. The 
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remaining three genera appear to be more recent and very probably 
are derived from an ancestor or ancestors resembling Sapromyces in 
thallus structure. 


Coming to the present fungus, since its branching system is very 
well developed and its basal pseudo-cell is extremely small, it clearly 
belongs to the genus Sapromyces. Two species of Sapromyces are at 
present known, S. elongatus (Cornu) Coker and S. androgynus Thaxter 
(Sparrow, 1943). The present fungus differs from these two species in 
having oospores with a reticulately sculptured wall (Figs. 17-19). The 
oospore wall in S. elongatus is thick and slightly uneven (Sparrow, 
1943, p. 574, Fig. 53 B) and in S. androgynus it is thick and raised in 
a series of low uneven prominences (Sparrow, 1943, p. 575, Fig. 53 A). 
Further it differs from S. androgynus in being diclinous. It also differs 
from these two species in the size of the basal pseudo-cell. The 
basal pseudo-cell is 300-1200 long in S. elongatus and 115-247, 
long in S. androgynus, whereas in the present fungus it is only 40-80» 
long. Since the present fungus differs from these two species in 
several respects it is considered as a new species of Sapromyces and 
is named Sapromyces indicus sp. nov. 


Sapromyces indicus sp. NOV. 


Pseudo-cellula basalis parva relative ad ramulos, obpyriformis, 
56 x42 (42-80 x 26-63) u; systema hyphale vegetativum surgit ex apice 
pseudo-cellule basalis. Hyphz ramose atque divise in segmenta per 
pseudo-septa. Sporangia singula vel aggregata, terminalia vel sub- 
terminalia, pedicellata, hyalina, obpyriformia in juvenili conditione, 
ad maturitatum elongato-clavata, tenuibus atque levibus parietibus 
predita, 80x23 (21-144 14-30). Oogonia atque antheridia thallis 
diversis insidentia; oogonia obovata vel spherica, pedicellata; anthe- 
ridia irregulariter clavata, pedicellata, 199-5; oospore singule in 
singulis oogonis, spherice, parietibus crassis reticulatim  sculptis, 
28-32 » in diam. dimentientes. 


Typus lectus in foliis emortuis in rivulo ad Colles Kambakkam, 
prope Madras, a M. O. P. lyengar, die 2 martii, anni 1952, et positus 
in herbario M.U.B.L. sub numero 1219. 


Basal pseudo-cell relative to the branch system small, obpyriform, 
56x42 (42-80 x 28-63) ». Vegetative hyphal system arising from the 
top of the basal pseudo-cell; hyphe branched and divided into 
segments by constrictions (pseudo-septa). Sporangia formed singly 
or in clusters terminally or sub-terminally, pedicellate, hyaline, obpyri- 
form when young, elongate-clavate when mature, thin and smooth- 
walled, 80x 23 (21-144 x 14-30) u. Oogonia and antheridia borne on 
separate thalli; oogonia obovate or spherical, pedicellate; antheridia 
pedicellate, irregularly clavate, 19x9-5p; oospore one in each 


oogonium, spherical with a thick reticulately sculptured wall, 28-32 u 
in diameter. 


On dead leaves in water in a fresh-water stream in Kambakkam 


Hills near Madras, coll. M. O. P. Iven ar, 2nd March 1952 
M.U.B.L. No, 1219 (type). seat Dy 36963 aa 
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SUMMARY 


_ Sapromyces indicus sp. nov., an aquatic Phycomycete (Leptomitales, 
Rhipidiacee), is described from Kambakkam, Madras State. This 
species differs from the other known species of Sapromyces, in having 
oospores with reticulately thickened walls and in the size of the 
sporangia and the basal pseudo-cell. The taxonomic criteria useful 
in delimiting genera in the Rhipidiacee are discussed. 


The authors are indebted to the Rev. Fr. Dr. H. Santapau for 
translating the specific diagnosis into Latin. 
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DEVELOPMENT OF THE GAMETOPHYTES 
IN ALG@ CILIARIS HAW. 


By D. A. GOVINDAPPA 
Botany Department, Central College, Bangalore 


(Received for publication on December 20, 1954) 


Tue development of the gametophytes in Liliacez is extremely interesting. 
As many as five distinct types of female gametophyte development 
have been recorded. These are the Polygonum type, the Allium type, 
the Drusa type, the Fritillaria type and the Adoxa type. 

In the sub-tribe, Aloinee, only a few plants have been investigated 
from the embryological point of view. Méellink (1880) has reported 
a Polygonum type of embryo sac development in Haworthia.  Stiffler 
(1925) working on Gasteria observed a similar type of embryo sac 
development. Gioelli (1930) investigated five species of Ale,  viz., 
A. arborescens Mill., A. todari var. precox Borzi., A. c@sia Salm., 
A. varvari Borzi and A. ciliaris Haw. and recorded a _ tetrasporic 
8-nucleate embryo sac in everyone of them. 

The difference in the mode of development of the female gameto- 
phyte in the related genera of the same sub-tribe led Joshi (1937) 
to reinvestigate the genus A/e. He recorded a Polygonum type of 
embryo sac development in Ale vera. Since then no embryological 
work on the genus Ale has been undertaken. The present paper, 
a reinvestigation, deals with the development of the male and female 
gametophytes in Ale ciliaris Haw. 

The observations recorded herein are based on the material 
collected from plants grown in the Botanical Gardens, Central College, 
Bangalore. 


MICROSPORANGIUM AND THE MALE GAMETOPHYTE 


The floral parts develop in acropetal succession (Fig. 1). In the 
young anther the hypodermal archesporium, which consists of a few 
cells, divides periclinally to form the primary parietal and the primary 
sporogenous layers. The primary parietal layer undergoes further 
periclinal divisions contributing to the anther wall which consists of 
four layers of cells (Figs. 2, 3). The outermost of these layers is the 
epidermis. The next one is the endothecium which is followed by 
a middle layer, The innermost layer is the glandular tapetum. In 
later stages the uninucleate tapetal cells become binucleate, the middle 
layer disorganises and the endothecium acquires fibrous thickenings 
(Figs. 4, 16). The primary sporogenous layer gives rise to the sporo- 
genous tissue and finally to the microspore mother cells by further 
divisions. The microspore mother cells undergo the usual reduction 
divisions and produce the microspores (Figs. 5 to 11). The division 
of the microspore mother cell is of the simultaneous type. The 
microspores are arranged tetrahedrally. Instances were seen where 
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they are arranged in an isobilateral manner (Fig. 12). Each microspore 
enlarges and divides to form a small generative cell and a large tube 
cell (Figs. 13, 14). The pollen grains are monocolpate with a thin 
intine and a comparatively thick exine which exhibits fine warty 
sculpturing. The generative cell is elongated with its nucleus in 
prophase at the time of shedding (Fig. 15). 


THE OVARY AND OVULES 


The ovary is superior, three-carpelled, syncarpous and trilocular 
with axile placente (Figs. 17 to 19). Septal nectaries are present 
(Fig. 19). There are two rows of ovules in each locule and each row 
contains five ovules (Figs. 17 to 19). The ovules are hemianatropous 
and bitegmic. A third integument develops in later stages and forms 
a cup-like structure around the base of the ovule. The micropyle is 
organised by the inner integument alone. Figs. 17, 20 to 22 illustrate 
the different stages in the development of the ovule. 


MEGASPORANGIUM AND THE FEMALE GAMETOPHYTE 


The hypodermal archesporial cell becomes differentiated early 
(Fig. 23). It divides periclinally giving a wall cell and the megaspore 
mother cell (Fig. 24). The former undergoes a vertical division 
(Fig. 25). The two juxtaposed cells thus formed undergo a transverse 
division to form two layers of wall cells (Figs. 26, 27). The megaspore 
mother cell enlarges and undergoes the reduction division to form 
a linear tetrad of megaspores (Figs. 26 to 28). Rarely, the nuclear 
division in the upper dyad cell is not followed by a wall (Fig. 29). 
The three upper megaspores degenerate and the lower one develops 
further (Fig. 28). In some cases the two lower megaspores showed 
signs of further development (Fig. 30). The nucleus in the developing 
megaspore divides once and the two daughter nuclei are pushed apart 
to the opposite poles by the development of a central vacuole (Figs. 
31, 32). After two more nuclear divisions a monosporic 8-nucleate 
embryo sac of the Polygonum type (Maheshwari, 1948) is formed 
(Figs. 33 to 36). 

The mature embryo sac is very much dilated near the middle and 
remains within the nucellar epidermis. The egg apparatus consists of 
two large synergids and an egg. The synergids exhibit the filiform 
apparatus. The antipodals are organised as definite cells. The two 
polar nuclei fuse together to form a large secondary nucleus which is 
situated near the middle of the embryo sac (Fig. 36). 

The development of the female gametophyte, therefore, does not 
follow the Adoxa type as concluded by Gioelli (1930), but follows the 
Polygonum type. 

SUMMARY 

The development of the male and female gametophytes in Ale 
ciliaris Haw. has been studied. 

The wall of the anther consists of four layers of cells. These 
are the epidermis, the endothecium, the middle layer and the tapetum. 
The endothecium develops fibrous thickenings and the middle layer 
disorganises in later stages. The tapetum 1s glandular and consists of 
binucleate cells. 
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Division of the microspore mother cells is of the simultaneous 
type and the microspores are arranged tetrahedrally. The mature 
pollen grain is monocolpate with an elongated generative cell. The 
exine exhibits fine warty sculpturing. 


The ovules are bitegmic and hemianatropous. A third integument 
develops at a later stage and forms a cup-like investment around the 
base of the ovule. The development of the female gametophyte 
corresponds to the Polygonum type and does not follow the Adoxa 
type as reported earlier by Gioelli (1930). 


ACKNOWLEDGEMENTS 


The author wishes to express his sincere gratitude to Dr. C. V. K. 
Iyengar and Dr. S. B. Kausik for their kind encouragement and 
helpful suggestions. He also wishes to thank the Government of India 
for the award of a senior research training Scholarship during the 
tenure of which this work was done. 


REFERENCES 


GIoELLI, F. 1930. Ricerche sullo sviluppo del gametofito femmineo e dei polline 
nel genero Ale. Lavori del R. Istit. Bot. Palermo, 1: 61-84. 


Josnt, A. C. 1937. Megasporogenesis in A/@ vera Linn. J. Indian bot. Soc., 26: 
297-300. 


MAHESHWARI, P. 1948. The angiosperm embryo sac. Bor. Rey., 14: 1-56. 


MELLINK, J. F. 1880. Over de ontwikkeling van den kiemsack bij Angiospermen. 
Ak. Proefschr. Leiden (quoted by Schnarf, 1931). 


ScunarF, K. 1931. Vergleichende Embryologie der Angiospermen, Berlin. 


STIFFLER, E. G. 1925. Development of the embryo sac in Gasteria, Cyrtanthus 
and Velthemia. Bot. Gaz., 79: 207-16. 


EXPLANATION OF FIGURES 


Fics. 1-22. Ale ciliaris—Fig: 1. L.S. of young flower bud, x13. Fig. 2. 
Portion of T.S. of an young anther showing the development of the anther wall, 
x 323. Fig. 3. Portion of T.S. of an anther showing wall layers and sporogenous 
tissue, 323. Fig. 4. Portion of T.S. of an anther showing the degenerating 
middle layer, binucleate tapetal cells and microspore tetrads, 323. Figs. 5-9. 
Show the simultaneous type of nuclear division of the microspore mother cell, x 646. 
Figs. 10-11. Microspore tetrads, x 646. Fig. 12. An isobilateral tetrad, x 646. 
Fig. 13. A uninucleate pollen grain, x 646. Fig. 14. Young bicelled pollen grain, 
x 646. Fig. 15. Mature pollen grain, x 646, Fig. 16. Endothecium showing 
fibrillar thickenings, 323. Fig. 17. L.S. of an young ovary, x13. Fig. 18. 
L.S. of an ovary, x13. Fig. 19. T.S. of an ovary; note the septal nectaries, 
x13. Figs. 20-22. L.S. of ovules at different stages of development, x 133. 


Fics. 23-36. Ale ciliaris.—Fig. 23. L.S. of an young ovule showing the 
hypodermal archesporium, 452. Fig. 24. L.S. of an young ovule showing the 
wall cells and megaspore mother cell, 452. Fig. 25. L.S. of an ovule showing 
two wall cells and the megaspore mother cell, 452. Fig. 26. L.S. of nucellus 
showing wall cells and megaspore mother cell, 323. Fig. 27. L.S. of nucelius 
showing two layers of wall cells and the dyads, *323. Fig. 28. L.S. of nucellus 
showing three upper degenerating megaspores, 323. Fig. 29. L.S. of nucellus 
showing nuclear division in the upper dyad cell; no wall is formed, x 323 
Fig. 30. L.S. of nucellus showing two megaspores enlarging, x 323. Fig. 314+ 1 S. 
of nucellus with two-nucleate embryo sac, <323. Fig. 32. A two-nucleate embryo 
as Ba Rotent™ Fig. 33. fe be ME er embryo sac, x 646. Fig. 34. An eight- 
nuc -embryo-sac, x 646. Fig. 35. An embryo sac before fusi i 
x 646. Fig. 36. Mature embryo sac, x 646. : Be AE PO ee 
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DwRING a preliminary survey of the Khandesh flora undertaken by the 
Department of Botany, Pratap College, Amalner (E.K.), a convolvu- 
laceous perennial trailer, Ipomea reniformis has been recorded as grow- 
ing quite commonly in and around Amalner. After the first monsoon 
showers in July most of these plants are infected by a species of 
Albugo. Later, between September and November, the sprouting 
axillary shoots exhibit marked discolouration, deformity and fleshiness. 
Unlike other hosts of Al/bugo of the genus Ipomea, Ipomea reniformis 
shows ample perfect stages of Albugo in its hypertrophied parts. On 
this account, Prof. V. P. Damle, Head of the Department of Botany, 
Pratap College, suggested the study of the development, morphology 
and cytology of this Albugo. The results of the study are presented 
in this paper. 
MATERIAL AND METHODS 


For the cytological study small pieces of about 3-4mm. of 
infected leaves and hypertrophied parts of Jpomea reniformis were cut 
under water to facilitate their immersion in the reagents and were 
preserved in F.A.A., Bouin’s fluid, weak and strong chrome-acetic 
acid—of which the last gave good results. Such killing and fixing 
was done periodically (weekly) from September to middle of November. 
Standard methods of material washing, dehydration and clearing were 
followed. By the usual paraffin method, serial sections were cut 8 u 
in thickness. Haidenhain’s Iron-alum Hematoxylin stain was used. 


OBSERVATIONS 


Albugo pustules make their appearance on the lower surface of 
leaves of Ipomea reniformis and the infection is detected by the patchy 
discolouration on the upper leaf surface. The hypophyllous white 
pustules later become yellowish and during rains, burst to discharge 
the zoosporangia in chains. The disease is disseminated by laterally 
biciliate swarming spores liberated from the zoosporangia. 


By about September when the lateral shoots are sprouting, they 
show abnormality, in that, they lose their trailing habit, and become 
erect. They get stunted, hypertrophied (Figs. 1 and 2) and show pro- 
nounced discolouration, from grey-green to reddish or yellow-green. 
Fig. 2 A shows the stunted, hypertrophied shoot as against the normal, 
trailing shoot shown in Fig. 2B. Pustules are seen all over the shoots 
except the upper surface of leaves. 
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Other convolvulaceous hosts, viz., Evolvulus and Ipomea were also 
collected. volvulus differs from Evolvulus alsinoides L. in being 
normally erect. The pustules are hypophyllous, but no specimen 
collected showed any hypertrophy. Like Jpomea pandurata (Schw.) Sw. 
the infected Jpomea host does not show any hypertrophy of the 
lamina and flower; but gall-like outgrowths are developed on the 
stem and petioles. The galls show semblance to the pale green 
fruits of Casuarina. These materials are under observation. 


The mycelium of the Al/bugo under study is thin-walled, hyaline, 
filamentous, profusely branched, aseptate, ccenocytic and ramifies 
through the intercellular spaces of the host. 


The conidiophores are thick-walled and yellowish or light brown 


in colour. They are very short and represent only the out-pushings . 


of the globoid hyphal ends between the thin-walled mesophyll cells 
and seem, as it were, to eject out conidio-zoosporangia. Conidia are 
sub-globose or spherical, lack equatorial thickening and measure 
12-16 x 14-20 (Fig. 3). 


The sexual organs are developed in the intercellular spaces of 
only the hypertrophied parts of the shoot except the lamina. Fig. 4 
shows the developing oogonium, with the stringy bands of vacuolated, 
inpushing cystoplasm and stretched nuclei. These nuclei soon become 
spherical and restive (Fig. 5). They are 75-100 in number. In its 
further stages the oogonial wall rapidly develops scalloped paddings 
on its inner surface (Figs. 6 and 7). The mature oogonial wall is 
6-10 » thick (Fig. 8) and does not show staining reaction with hemato- 
xylin as observed by Thirumalachar ef a/. (1949). Oogonia measure 
56-80 p. 

A single antheridium is seen appressed to an oogonium (Figs. 4, 
5 and 7), where the oogonial wall retains its thin character (Fig. 6). 
The antheridium being quite a small body, and not necessarily seen 
attached to every oogonium, its nuclear number was difficult to 
ascertain. Nuclear count in the antheridium is between 10 and 20. 


_ The oogonial nuclei enter into a simultaneous division (Fig. 9). 
This is soon followed by the formation of a deeply staining, central 
homogeneous ooplasm and a peripheral, vacuolated, faintly staining 
periplasm. The latter mainly represents fine cytoplasmic strands, 
communicating the peripheral thin layer of cytoplasm with the central 
granular aggregation of ooplasm (Figs. 10 and 11). In the further 
development the dividing oogonial nuclei remain scattered. Thus, the 
typical stage of zonation, as described by Stevens (1899) for A. bliti 
(Biv.) Kuntze, requiring the dividing nuclei to lie into a hollow sphere 
between the ooplasm and periplasm, is not met with in the form under 
consideration. This observation concurs with the similar stages noted 
by Stevens (1904) in A. ipomeae-pandurane, A. candidus and A. trago- 
pogonis. During this stage, the oogonium puts forth a receptive papilla 
into the antheridium (Figs. 12 and 13) and most of the dividing nuclei 
pass out into the periplasm. Their nuclear division is completed here. 


The daughter nucleus or nuclei left in the ooplasm, enter int 
. . . . . ? t 
second division. At this time, a deeply staining Bodie larger than ra 
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nucleus and slightly irregular in shape is observed at about the centre 
of the ooplasm. This is the ccenocentrum (Fig. 10). Figs. 14 and 15 
show the remaining nucleus in the ooplasm in its second division and 
in the proximity of the ceenocentrum. One daughter nucleus of- this 
division is the functional female nucleus (Fig. 18). 


As these developments are underway in the oogonium, the ferti- 
lization tube from the antheridium is progressively emerging in the 
oogonium (Figs. 16 and 17) and discharging its contents when it is 
more than half way towards the ccenocentrum (Fig. 18). A single male 
nucleus unites with the female nucleus. These two nuclei differ in 


size, the former being smaller than the latter (Fig. 19). In their 
fusion the oosphere enters into the oosporic stage (Fig. 20). 
Comparative account of Albugo spp. 
Albugo spp. Conidia Oogonia Oospores 


A. ipomeae pandu- 
rane (Schw.) Sw. 


A. evolvuli (Damle) 
Safee. & Thirum. 


Albugo sp. on 
Ll. reniformis 


14-20 w X 12-18 uw 
Equatorial thicken- 
ing 


13-15 w X 11-13 w 
No equatorial thick- 
ening 


12-16 uw X 14-20 w 
No equatorial thick- 
ening 


Smooth oogonial 
wall, oospore freely 
lodged 


Warty wall, finally 
confluent with the 
oospore wall 


56-80 uw warty wall, 
confluent with oos- 
pore wall 


25-55 mw warty wall 


38-44 u more com- 
monly 37-41 yu; 
smooth wall 


36-48 « more com: 
monly 40-48 yu; 
smooth wall 


With the formation of the oospore nucleus, a thin wall appears 
in the periplasm progressively forming a double layered oospore wall. 
The exine and intine get appreciably thicker and are yellow and brown 
respectively. The oospores measure 36-48 w (Fig. 21) and are smaller 
than those of A. ipome@ae-pandurane (25-55 1). 


The most remarkable feature observed in the Albugo sp. under 
study is the smooth-walled oospore contained within a tuberculated 
oogonial wall. This completely differs from the conventional type as 
seen in A. ipomeae-pandurane where a tuberculated oospore occurs 
within a smooth-walled oogonium. Warty ornamentations in the oogo- 
nial wall have been formerly observed by Damle (1942) and Thirumala- 
char et al. (1949) in A. evolvuli; however, unlike A. evolvuli, in the 
form under consideration, the oogonial and oospore walls do not 
completely adhere to one another; the oogonium being angular, 
spaces are left between the oogonial wall and the smooth-walled 
round oospore (Fig. 22). 


Thus, unlike all other Albugo species studied till now, in the 
Albugo sp. on I. reniformis the smooth-walled oospore is observed 
freely lodged in the tuberculated persistent oogonial wall. This 
character offers a singular morphological difference from the rest of 
the species in the genus A/bugo and also together with other differences 
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in sizes of conidia, oogonia, and oospores, the author proposes to 
describe this form of Albugo on J. reniformis as a separate species and 
name it as Albugo pratapi. 

Albugo pratapi affords a third type of the resting phase in the 
genus Albugo: Albugo spp. with warty oospore freely lodged in the 
thin, smooth-walled oogonium (Fig. 23 a, A. ipom@ae-pandurane), the 
ones with the oospore completely fitted into the warty wall of the 
oogonium (Fig. 23 b, A. evolvuli) and the one described in this paper 
with smooth-walled oospore more or less free in the warty wall of the 
oogonium (Fig. 23 c, A. pratapi). 


Albugo pratapi K. DAMLE SP. NOV. 


Pustules hypophyllous, whitish, later yellowish, coalescing, erumpent. 


Conidiophores thick-walled, yellowish or light brown, very short 
and clavate, basal comparatively large. 

Conidia sub-globose or spherical, lack equatorial thickening, 
measure 12-16 14-20 p. 

Oospores in the hypertrophied shoots, yellowish-brown, measure 
36-48 » (40-48, more commonly), smooth-walled and_ spherical, 
more or less freely encased in the persistent, warty oogonial wall. 


Hab.—In shoots of Jpomea reniformis (Chois) causing hyper- 
trophy and change in habit from prostrate to erect in cases of heavy 
infection, at Amalner, 15th September 1953, type deposited in the 
herbarium of the Biology Department, Pratap College, Amalner (E.K.), 
Bombay State. 


Pustule hypophylle, albide, tandem luteole, coalescentes, erum- 
pentes. Conidiophori crassis parietibus prediti, luteoli vel pallide 
brunnei, brevissimi, clavati, basales quidem relative ampli. Conidia 
subglobosa vel spherica, absque crassitudine equatoriali, magnitudinis 
12-16 x 14-20. Oospore in ramis hypertrophiatis, luteolo-brun- 
nee, magnitudinis 36-48 (ut plurimum 40-48,) spherice, plus 
minusve libere incluse muro persistente oogoniali verrucoso, levibus 
parietibus predite. 

Typus lectus est ramos /pomee reniformis (Chois) producens hyper- 
trophiam atque mutans plantam ex prostrato in erectum habitum sub 
infectione gravi, in loco Amalner, die 15 septembris 1953, et positus 
in Herbario Sectionis Biologice in Collegio Pratap, Amalner, in Statu 
Bombay. 

SUMMARY 


A new species of Albugo, A. pratapi, is described on Ipome i- 
formis collected from Khandesh. The development, ercthlons anit 
significant cytological phases of the A/bugo have been studied and the 
results presented. 
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EXPLANATION OF FIGURES 


Fics. 1-23—Fig. 1. Ipomea reniformis showing an infected axillary hyper- 
trophied shoot and leaves with conidial pustules (life size). Fig. 2. A. Hyper- 
trophied axillary shoot stunted and thick with short internodes (life size). B. 
Uninfected normal shoot of the host (life size). Fig. 3. Conidiophores with conidio- 
zoosporangia in chains. Fig. 4. Oogonium in early development showing proto- 
plasm ficwing into it. Fig. 5. Well-formed oogonium with restive, round nuclei, 
Fig. 6. Oogonial wall remains thin where the antheridium is appressed to it. 


_ Fig. 7. Association of a single antheridium with an oogonium. Fig. 8. Scalloped 
- thickening of the oogonial wall. Fig. 9. First simultaneous division of the oogonial 


nuclei. Fig. 10. The ccenocentrum. Fig. 11. A few nuclei remaining in the 
ooplasm after the first nuclear division. Figs. 12 & 13. Formation of receptive 
papilla. Figs. 14 & 15. Second nuclear division leading to the formation of 
the female pronucleus. Figs. 16, 17 & 18. Progressive emergence of the antheridial 
tube into the ooplasm and its rupture. Fig. 19. Male. and female nuclei near the 
ceenocentrum. Fig. 20. The oospore nucleus. Fig. 21. The oospore. Fig. 22. 
Oospore in relation to the encasing oogonial wall. Fig. 23. Comparison of the 
oospores and their relationship with their oogonial walls: (a) Oospore of C. 
i-pandurane, (b) Oospore of C. evolvuli, (c) Oospore of C. pratapi. Figs. 3-22 are 
camera-lucida drawings with their respective scales. 
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Introduction 


PAVAGARH Hitt is botanically a place of great interest in the 
neighbourhood of Baroda. It is about the only spot of real forest 
left within reasonable distance of the town; the hill is crowned with 
several very popular places of pilgrimage, and in consequence there 
are plenty of facilities for pilgrims and visitors. The journey by bus 
takes about one and a half hours from the city along well-built and 
rather well-preserved roads, and in general the outing of the Botanical 
Society proved a very useful as well as a very enjoyable experience. 


The outing had in the first instance been fixed for January 9th, 
but the latter date was found to be rather late for most of our 
members, who were expected to be back at their various posts by the 
8th or 9th of January. In the end we did manage to have the date 
shifted to January 7th. Even so, the number of members that came 
to the outing was too small to warrant the expenditure of hiring a whole 
bus for ourselves. The Geological Section of the Indian Science 
Congress came to our rescue by joining our bus and making it 
possible to go by special conveyance. 


The party set out from Baroda University grounds at 8 a.m.; 
during the outward journey the organisers of the geological outing 
distributed a very well prepared note on the geological formations 
to be seen on the hill. Breakfast was served within the fort walls 
at the foot of the hill near the bus station, We started our upward 
journey at about 10 a.m. 


Description of the Hill 


_ The view of the hill from the bus station is imposing; the hill 
rises 2,400 ft. above the surrounding plains, and 2,811 ft. above sea 
level. The geographical position of the hill is about 25 miles N.E. 
of Baroda town; approach to the hill can only be had from the 
N.E. corner, the other sides being much too steep to climb. 


The geological appearance of the hill is very much like that of 
many other hills in the western parts of India; the various layers 
or strata of the Deccan Trap are clearly visible, giving the hill a distinctly 
terraced appearance. Up to about 1,700 ft. altitude the hill is covered 


with a fairly dense Dry Deciduous Forest, of the following com- 
position :— 
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General View of Pavagarh Hill from the NE. 
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__@) Upper layer of forest—In general trees are only 30 to 45 ft, 
high, though in places they may go as high as 60 ft.; the higher types 
of trees are found in some depressions towards the upper limit of 
the forest. The following trees are given roughly in order of their 
respective abundance: 


Tectona grandis Linn. 

Terminalia crenulata Roth. 
Morinda tinctoria var. tomentosa Hook. f. 
Wrightia tinctoria R. Br. 
Mitragyna parvifolia Korth. 
Anogeissus latifolia Wall. 
Dalbergia latifolia Roxb. 

Cassia fistula Linn. 

Garuga pinnata Roxb. 

Lannea coromandelica Merr. 
Sterculia urens Roxb. 

Annona squamosa Linn. 

Bridelia squamosa Gehrm. 
Bridelia retusa Spreng. 

Mallotus philippensis Muell.-Arg. 
Alangium salvifolium Wang. 


(b) Shrubs, erect or climbing 


Holarrhena antidysenterica Wall. 
Barleria prionitis Linn. 

Combretum ovalifolium Roxb. 
Ventilago calyculata Tul. 

Carissa congesta Wt. 

Cryptolepis buchanani R. & S., etc. 


(c) Undergrowth herbs or herbaceous climbers 


Neuracanthus spherostachyus Dalz. in almost pure stands in 
the lower half of the forest. 

Baliospermum montanum Muell.-Arg., dominant in the upper 
half of the forest. 

Barleria prattensis Santapau 

Peristrophe bicalyculata Nees. 

Hemigraphis latebrosa Nees. 

Cocculus hirsutus Diels. 

Abrus precatorius Linn. 

Bryonopsis laciniosa (Linn.) Naud. 

Dicliptera micranthes Nees. 

Haplanthus verticillatus Nees. 

Eranthemum roseum R. Br. 

On the higher parts of the hill above the forest limit, the following 
plants were noted as common and abundant: 


Carvia callosa Bremek. 

Ficus arnottiana Miq. 
Lepidagathis trinervis Wall. 
Euphorbia neriifolia Linn. 
Zizyphus nummularia Wt. & Arn. 
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The flora on the old walls of the fort deserves special mention; 
the present writer went to Pavagarh Hill at the end of December 
with a party of university students, and at the time the walls were 
covered with numerous herbaceous plants; on the 7th January 
most of the walls had been cleared of vegetation. Among the more 
common plants seen at the end of December, the following must be 
listed : 

Kickxia incana (Wall.) Pennell. 
Lindenbergia indica (Linn.) O. Kuntze. 
Leucas biflora R. Br. 

Canscora diffusa R. Br. 

Nepeta hindustana Haines. 

Woodfordia fruticosa (Linn.) Kurz., ete. 


Where the fort walls or rocky slopes are protected from the full 
intensity of the noon sun and especially where there were signs of 
moisture, we noticed plenty of Didymocarpus spec. and remains of 
some Podostemacez. 


On the slopes of the hill there are two large talaos or ponds 
that go under the names of Mend and Telia talao respectively. The 
first is situated at about 1,300 ft. above sea level and supplies water 
to the dharamsala and several hotels; the second talao lies just above 
the limit of the forest, and serves to water some of the cattle that 
graze upon the hill. There is still a third talao, just below the summit 
of the hill, but for want of time it could not be explored. On the banks 
of the two lower talaos we noticed a number of typical and common 
plants, among which the following may be mentioned: 


Gnaphalium indicum Linn. 
Polygonum plebeium R. Br. 

Glinus lotoides Linn. 

Hygrophila polysperma Anders., etc. 


Just below the very summit of the hill there is a monumental 
flight of steps made of large stone blocks. In the joints between the 
blocks and on the steep ground near the steps the following plants 
were strikingly abundant and generally in full bloom: 


Justicia gendarussa Linn. f. 

Lepidagathis trinervis Wall. 

Justicia procumbens Linn. 

Justicia spec., a small herb with very slender spikes. 
Rungia pectinata Nees. 

Cymbopogon schenanthus Spreng. 

Tripogon spec. 


From the very top of the hill the view of the district must be 
magnificent just after the monsoon; at the time of our visit visibility 
was poor. We could see, however, the forest on the slopes and 
at the foot of the hill, and noticed that Tectona plants seemed to be 
planted in rather regular rows, obviously cultivated. Near the top 
we collected specimens of Euphorbia prostrata Ait., a plant not 
mentioned by Cooke in his Flora; Acanthospermum hispidum DC., 
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a plant of American origin and of recent introduction into India, 
has already spread to the hill and is now found in dense patches 
near the Mend tank. 


The Vegetation of the Plains 


Cultivation is intense along the plains from the city of Baroda 
to the foot of the hill, cotton and castor being rather common. 
Along the sides of the road the following plants were noticed as 
being common and in places very abundant: 


Ipomea aquatica Forsk. in talaos and moist ground. 

Asteracantha longifolia Nees. 

Cesulia axillaris Roxb. 

Xanthium strumarium Linn, in dense banks, generally dry, 
sometimes in flower and fruit, fresh. 

Leonotis nepetifolia R. Br. 

Acacia arabica Willd., small shrubs in very dry spots. 

Capparis decidua Pax, in flower in dry spots. 

Heliotropium supinum Linn. in dense abundance in moist 
ground, in ditches, etc. 

Echinops echinatus Roxb. 

Cassia tora Linn., dry plants, gregarious. 

Cassia occidentalis Linn. in fruit, leafless. 


Notes on the Arrangement in the List of Plants 


As the plants are not described in the List, it has been considered 
convenient to follow the same order as Cooke in his Flora of the 
Presidency of Bombay and Sind, for ready reference. 


The nomenclature of the plants in the List has been adjusted to 
what the author considers the correct name according to the latest 
findings on the subject. When, however, a name is given that differs 
from that of Cooke in his Flora, the latter’s name is also given for 
convenience. 


The reference numbers given after many of the specimens refer 
to herbarium sheets preserved in the Blatter Herbarium; they were 
collected by the present author and pressed by his assistant, Mr. N. A. 
Trani, B.sc.; the collection was made mostly during the outing with 
students on December 29th, 1954. Many other specimens collected 
on both occasions are preserved in the Herbarium of the Science 
Institute, M.S. University of Baroda, but such specimens have not 
been available to the writer in the preparation of this paper. 


In the enumeration that follows, the bulk of the plants comes 
from Pavagarh Hill; some are from the plains along the road from 
the city to the hill; a few have been included from the town itself 
or from the fields in the neighbourhood of the town. 
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Enumeration of the Plants of Pavagarh and Baroda 
ANNONACE 


Annona squamosa Linn. 
Common small trees, along the path on the forest slopes, 
many with fruits on. 
Polyalthia longifolia Benth. et Hook. 
Planted as a road side tree, in leaf only; not seen on the 
hill itself. 
MENISPERMACE 
Cocculus hirsutus (Linn.) Diels. 
Cocculus villosus DC. 
A herbaceous climber, common on the lower parts of the 
hill, rare above; in flower rarely. 
Diploclisia glaucescens (Blume) Diels. 
Cocculus macrocarpus Wt. et Arn. 


One plant was seen in dense forest about half way up the 
hill, in leaf only; rare. The leaves are typical. 


NYMPHAACE 


Nymphea pubescens Willd. 


Not seen on the hill; abundant in some talaos along the 
way from Baroda to Pavagarh Hill; flowers white. 


PAPAVERACE 
Argemone mexicana Linn. 


_ Rare; only saw two or three plants in flower on the 
hill near the dharamsala, but noticed plenty of seedlings on 
ihe hill itself near water, and along the main road in waste 
ands. 


CAPPARIDACE® 


Cadaba farinosa Forsk. 
Cadaba indica Lamk. 


A straggling shrub with white or creamy white’ flowers, 
stamens 4; young fruits present. A rare shrub, only seen at 
the base of the hill. 


Santapau, 19852. 


Capparis decidua (Forsk.) Pax. 
Capparis aphylla Roth. 


Common in bare ground on the plains along the main 


road, in isolated clumps; plenty of reddish 
Not seen on the hill. psenty or orange flowers. 
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Capparis galeata Fres. 


_ This plant is not mentioned in Cooke’s Flora; seen only 
in some gardens in the city of Baroda; the leaves and young 
shoots are rather brittle and fleshy. : 
Crateva nurvala Buch.-Ham. 
Crateva religiosa Hook. f. et Thoms., non-Forst. 
A rare small tree, in the forest along the path. 
S. Rao, 16. 
Merua arenaria (DC.) Hook. f. et Thoms. 
Merua ovalifolia Camb. 


__ A fairly large climber, on hedges at the base of the hill, 
with plenty of flowers and fruit; the fruits are very strikingly 
warted all over. 


Santapau, 19891-19893. 


FLACOURTIACE 


Flacourtia latifolia Cooke. 


Common, small trees, with plenty of spines on the lower 
part of the stem, and with reddish soft ones on the branches; 
in leaf only. Common on the sides of the path on the hill 
in the lower half, 


CARYOPHYLLACE 
Polycarpon indicum (Retz.) Merrill. 
Polycarpon leflingie Benth. et Hook. f. 


A prostrate slender herb, common on the banks of the 
upper talao. Cooke in his Flora of the Presidency of Bombay 
(1: 66) mentions that the plant is a rare one; I find that the 
plant is in fact common all over Bombay State, but is easily 
confused with, e.g., Polygonum plebeium, etc. 


PORTULACACE 


Portulaca oleracea Linn. 


Fairly common near the higher talao, on moist banks. 
In flower and fruit and leaf. 


ELATINACE 
Bergia odorata Edgw. 


Common and abundant in grass fields in the University 
grounds and elsewhere; not seen on Pavagarh. 


MALVACE 
Abelmoschus manihot (Linn.) Medik. 
Hibiscus tetraphyllus Roxb. 


Flowers present in some few cases, generally in fruit and 
leafless, by the sides of the path in the forest on the lower 
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half of the hill. Roxburgh’s name is a misnomer for Bombay, 
for the plant seldom has four, generally has five, epicalyx 
bracts. 
Abutilon indicum Sweet. 
At the base of the hill, subshrubby, up to 5 ft. tall, in 
flower and fruit. 
Santapau, 19853. 


Abutilon spec. (muticum Sweet ?) 
Small plant with yellow flowers, and clear awns on the 
fruit. Only seen near the bus station at the foot of the hill. 
Hibiscus vitifolius Linn. 


A very typical plant; the structure of the calyx in fruit 
is unique in the genus for Bombay plants. Common, though 
not abundant, along the path on the lower parts of the 
hill, up to 8 ft. tall, generally in fruit, a few plants in flower. 


Hibiscus sabdariffa Linn. 


Cultivated in gardens; the calyx is accrescent and becomes 
deep red at maturity; the calyx and epicalyx segments are 
used for the preparation of a jam, which is said to be rather 
tasty. Large shrub or small tree, up to 12 ft. tall. 


Santapau, 19897-19898. 
Sida spinosa Linn. 


An undershrub, up to 2 ft. tall; common in the edges of 
the forest in the lower half, abundant higher up. The 
spine-like processes near the petioles of the leaves are typical. 


Santapau, 19882. 
Sida veronicefolia Lamk. 


Erect or prostrate undershrub; very common on the sides 
of the path in the lower half of the hill; from 6in. to 4 ft. 
in flower and fruit. 


BOMBACACE 
Salmalia malabarica Sch. et Endl. 
Bombax malabaricum DC. 


Large trees, scattered in the deciduous forests in the lower 
part of the hill; generally leafless, a few trees leafless but in 
bud. Common in the forest. 


_ STERCULIACE 


Helicteres isora Linn. 


Common in the undergrowth of the forest in the lower 
parts of the hill; a few plants seen in fruit. 
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Kleinhovia hospita Linn. 


In gardens, in the University grounds, plenty of flowers 
and fruits. 


Melochia corchorifolia Linn. 


Noticed two or three plants in leaf and fruit, 4-5 ft. tall, 

on the banks of the lower talao. Rare. 
Sterculia urens Roxb. 

Saw several trees, leafless, loaded with flowers and fruits, 
at about the height of the dharamsala; could not collect the 
material, the trees being about the biggest and tallest in the 
area. Not abundant. 

TILIACE 
Corchorus estuans Linn. 
Corchorus acutangulus Lamk. 


Branches more or less procumbent, stiff, with acutely 
angular capsular fruits. Rare, except along the outlet of the 
lower talao near the dharamsala. 


Corchorus olitorius Linn. 


In fruit with dry leaves, in the undergrowth near the 
lower talao; not seen elsewhere on the hill. 
Grewia tiliefolia Vahl. 


Common in fruit and leaf; small trees. Some of these 
trees were affected by Dendrophthoe falcata. 


“Ss Rao, 15. 
Triumfetta annua Linn. 


Not given by Cooke in his Flora. Collected a few plants 
in fruit at the edges of the undergrowth in the lower half 
of the slopes, not common. The fruits with their spines are 
over 12mm. diam. Rare. 


Triumfetta bartramia Linn. 
Triumfetta rhomboidea Jacq. 


Occasional in fruit in the higher parts of the hill. Fruits 
with spines are only 5-6 mm. diam. 


LINACE 


Linum mysorense Heyne. 
Dry plants with dehisced fruits, on earth banks on the 
higher parts of the hill, fairly common and abundant. 
RUTACEZ 
Aegle marmelos Corr. 


Saw a few small trees in leaf only on the lower half of 
the hill, along the sides of the path. 
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Feronia limonia (Linn.) Swingle. 
Feronia elephantum Corr. 


Small to large trees, in leaf only; abundant near the 
talao behind the dharamsala about half way up the hill. 


Santapau, 19885. 
SIMARUBACE 


Ailanthus excelsa Roxb. 
Cultivated in gardens in city, and in farms along the 
road to Pavagarh, in leaf only; large trees. 


BURSERACE2 


Garuga pinnata Roxb. 


Leaves turning red before falling, and with plenty of insect 
galls; common all over the hill, leafless in the lower, leafy 
in the upper half of the hill. 


MELIACEA 


Azadirachta indica Juss. 


The Nim tree. Planted along the roadsides and at the 
foot of the hill; occasionally seen on the hill itself, probably 
planted. 


Melia azaderach Linn, 
The Persian Lilac. In flower in gardens in Baroda. 


CELASTRACE 


Celastrus paniculata Willd. 


Saw one large plant, with long pendulous branches, in leaf 
only; at about 600 ft. altit. on the sides of the path in the 
forest. Rare. 


Gymnosporia spinosa (Forsk.) Fiori. 
Gymnosporia montana Benth. 
Noticed two small trees laden with flowers and fruits about 


half way up the slopes of the hill; flowers white; branches 
green or reddish. 


Santapau, 19846-19848; S. Rao, 5. 


RHAMNACE 


Zizyphus mauritiana Lamk. 
Zizyphus jujuba Lamk., non Miller, 


Occasional in the plains at the foot of the hill: some- 
what more common in the forest near the base of the hill: 
noticed several trees in the forest on the slopes. : 
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The nomenclature of this plant has been fully discussed 
by the present writer in the J. Bombay nat. Hist. Soc., 
51: 802, 1953. The name Z. jujuba Lamk. is invalid being 
a later homonym in the sense of the Rules. 


Zizyphus nummularia Wt. et Arn. 


Shrubs scarcely 6 ft. tall, in open waste lands or on bare 
ground on the highest parts of the hill near the top; noticed 
also this plant in the open waste lands in the plains on the 
way to Pavagarh Hill from Baroda. 

Zizyphus enoplia Mill. 

Small tree or large shrub, with scandent or subscandent 
branches. Rare in the forest. 

Santapau, 19844. 


Zizyphus xylopyra Willd. 


A common large shrub or small tree, in leaf and fruit; 
this tree is rather remarkable because in other parts of Bombay 
State it is practically replaced by Z. glaberrima Sant. The 
structure and hairiness of the leaves of the present tree leave 
no doubt about its identity. 


Santapau, 19845. 
Ventilago calyculata Tul. 


This large climber was noticed first in leaf only going over 
the tops of high trees in the dense forest near the dharamsala; 
later on it was collected in flower and fruit at the base of 
the hill near the stream. 


Santapau, 19887. 


SAPINDACE 


Cardiospermum halicacabum Linn. 


A slender herb, climbing by means of tendrils. A few 
dry plants, one fresh plant in flower noted. Common in the 
forest in the lower parts of the hill. 

Sapindus trifoliatus Linn. 


One tree at the base of the hill laden with fruits; several 
trees noted in Baroda gardens in fruit. 


ANACARDIACEA 


Lannea coromandelica (Houtt.) Merrill, in J. Arn. Arb., 19: 
353, 1938. 
Dialium coromandelicum Houtt., Nat. Hist., Ul, 2: 39, t. 5, 
f. 2, 1774. 
Haberlia grandis Dennst., Schluss. Hort. Malab., 30, 1818. 
Odina woodier Roxb., Hort. Beng., 29, 1814, nom. nud.; FI. Ind., 
2 293,” 1832. 
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Lannea grandis Engler, in Eng. & Pr. Pflanzenfam. Nachtr., 1: 
213, 1897. 

Large trees, leafless or nearly so, common on the slopes; 
on the upper slopes the trees were seen in full bloom and 
leafless. 

The nomenclature of this plant calls for a note of expla- 
nation. In our floras it goes under the name of Odina woodier 
or O. wodier; Engler changed the name to Lannea grandis basing 
his change on Haberlia grandis Dennst., which, however, is 
a nomen nudum in the sense of the Rules. The only correct 
name is that of Merrill, as given here. 


Mangifera indica Linn. 


Large trees on the plains and in the city of Baroda 
itself; the only tree in flower noticed in the district was in 
a garden near the University. It has been noticed that these 
trees in the district are remarkably free from parasites of the 
family Loranthacee. 


PAPILIONACE 


Abrus precatorius Linn. 


Common with fresh leaves and ripe dehisced fruits, in the 
higher parts of the forest just below the dharamsala. 


Butea monosperma (Lam.) O. Kuntze. 
Butea frondosa Koen. 


An occasional tree seen on the plains along the road; 
rather common in the forest along the main road just before 
reaching the bus stand. Rare in the forest itself on the hill. 


Canavalia gladiata (Jacq.) DC. 
Canavalia ensiformis auct. 


On hedges along the main road on the plains; saw a few 
flowers and fruits, but could not collect them for identification. 


Crotalaria retusa Linn. 


_ _A shrub with large showy yellow flowers; in a garden 
in Baroda, in flower. 


Crotalaria triquetra Dalz. 


__ In flower and fruit among the grasses near the top of the 
hill, fairly common. Stems acutely trigonous. 


Crotalaria spec. 


_ One plant at the edge of the undergrowth, in flower and 
fruit; rare. 


Dalbergia lanceolaria Linn. f. 


,A large tree in fruit and Jeaf, at the base of the hill 
only. 


Santapau, 19893-19895, 
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Dalbergia latifolia Roxb. 


Very common, middle- to large-sized trees, generally in 
leaf only, occasionally with old fruits on, Abundant along the 
deciduous forest of the hill lower slopes. 


Santapau, 19896. 
Desmodium gangeticum DC. 


Erect herb in the undergrowth of the forest, not common; 
only seen in the upper half of the forest. 


Santapau, 19883. 
Desmodium laxiflorum DC. 


In the upper parts, at edges of the undergrowth, com- 
moner than the preceding species; generally in fruit, with the 
leaves turning brown. 


Dolichos spec. (bifforus Linn.?) 


A slender climber, in flower; flowers binate at the axils 
of most of the leaves; rare; only seen in the upper half of 
the forest. 

Erythrina spec. 


Saw several trees with but a few leaves on, no flowers as 
yet. In the absence of the flowers it is not possible to ascertain 
which species this is. 


Heylandia latebrosa DC. 


Abundant in lawn in University grounds, in flower and 
fruit; flowers yellow. 
Indigofera cordifolia Heyne. 


In flower and fruit at the foot of the hill, rare by now; 
when in fruit or leaf it is easily mixed with the preceding species ; 
the flowers of the present species are red. 


Indigofera enneaphylla Linn. 


In waste ground near the main road, in flower and fruit; 
fairly common. : 


Indigofera tinctoria Linn. 


Shrub, up to 5 ft. tall, with fruits and leaves; saw several 
plants on the hill at about the altit. of the dharamsala and 
above. 

Santapau, 19864-19865. 


Moghania strobilifera St. Hill. 
Flemingia strobilifera R. Br. 


On the higher parts of the hill, not common; leaves and 
bracts, but without fruits or flowers. 
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Mucuna prurita Hook. 
Mucuna pruriens auct., non DC. 


Fairly common, by the sides of the path in the forest 
slopes, generally dry with fruits. 


Tephrosia purpurea Pers. 


Abundant on road sides along the main road, in flower 
and fruit; in fairly dense patches. 


Teramnus labialis Spreng. 
Common in the undergrowth of forest near the sides of 
paths; flowers seldom seen, fruits common, often dehisced. 
CASALPINIACE 


Bauhinia racemosa Lamk. 


Small trees, generally in leaf, occasionally in fruit also; 
not common. Along the path on the forest slopes. 


Cesalpinia crista Linn. 
Cesalpinia bonducella Flem. 


This plant was noticed along the plains in hedges; 
collected from the hill near the lower talao, in fruit. 


Santapau, 19884. 
Cassia absus Linn. 


In waste lands near Baroda, in flower occasionally, common 
dry plants. : 


Cassia auriculata Linn. 


Common in flower along the main road, occasional on 
the hill itself. 


Cassia fistula Linn. 


Common, generally in fruit, on the hill in forest. The 
trees look rather poor, the fruits rather short for the species. 
A small to middle-sized tree; occasionally parasitised by 
Dendrophthoe falcata. 


Cassia occidentalis Linn. 


Abundant and fairly common, at times in dense patches; 
generally dry plants with unopened fruits, In waste lands. 
On the higher parts of the hill it is abundant in spots. 


Cassia tora Linn. 


About the most abundant and common individual plant 


ial pele to the hill top; in dense masses, generally dry, 
in fruit. . 


Tamarindus indica Linn. 


Large shady trees near villages; also ue e trees near the 
dharamsala on the hill, in leaf tnd fruit. , 
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MIMOSACEA 


3 Acacia arabica Willd. 


_ _ Common along the road, often small shrubs 3-5 ft. tall 
in hedges. Very rare on the hill, except at the foot. 


Acacia leucophlea Willd. 


Small trees; abundant on the lower slopes of. the hill with 
plenty of fruits. 


Santapau, 19836-19837. 
Acacia pennata Willd. 


We noticed this plant in fruit on a hedge at the very base 
of the hill, near the path. Abundant locally. 


Santapau, 19890. 
Albizzia spec. 


Fairly large trees, with dark green leaves; seems to be 
A, odoratissima, but in the absence of flowers it is not possible 
to identify for certain. Occasional on the slopes. 


Dichrostachys cinerea (Linn.) Wt. et Arn. 


In the lower parts of the forest noticed several trees in 
flower and fruit; the flower spikes are red and yellow, the 
fruits much twisted, otherwise the tree looks remarkably like 
Acacia arabica. 

Pithecellobium dulce (Roxb.) Benth. 


Saw several trees clearly cultivated in some of the villages 
along the main road. The spelling of the generic name is that 
given in the List of Nomina Conservanda under No. 3441 of 
the International Code of Botanical Nomenclature, 1952. 


COMBRETACE 


Anogeissus latifolia Wall. 


Fairly common on the slopes of the hill, and in places 
abundant, in the forest below the dharamsala ; ‘fruits abundant. 


Santapau, 19849-19850. 


Combretum ovalifolium Roxb. 
A very common climber in the forest on the lower -half 
of the hill; in leaf -only.. Leaves becoming red and falling 
OMT. 
Quisqualis indica Linn. 
In flower and leaf, on Nedoes: in gardens in Baroda. 


Terminalia bellirica Roxb. 


Noticed but one tree on the sides of the main sie up the 
hill, in forest; the tree was only in leaf. 
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Terminalia crenulata Roth. me ; 
Terminalia tomentosa auct., non Wt. et Arn. nisi partim. 


Fairly large and common trees in the forest; in leaf and 
plenty of fruits. This tree often is taken to be identical with 
T. tomentosa Wt. et Arn.; for a discussion on the subject 
see Santapau in J. Bombay nat. Hist. Soc., 50: 305-06, 
1951. 


Santapau, 19851. 


LYTHRACE 


Ammannia multiflora Roxb. 
In flower and fruit near the upper talao. Rare. 
Lawsonia inermis Linn. 


In hedges on the plains; cultivated also as a hedge plant 
near the dharamsala on the hill; in a garden. 


Woodfordia fruticosa (Linn.) Kurz. 
Woodfordia floribunda Salisb. 


On the walls in the highest parts of the fort on the hill, 
abundant, some plants in flower. 


MOLLUGINACE 


Glinus lotoides Linn. 
Mollugo hirta Thunb. 


_ Prostrate, abundant near the upper talao, also abundant 
in drying spots along the main road. 


S. Rao, 12. 


Glinus oppositifolius (Linn.) A. DC. in Bull. Herb. Boiss., V1, 1: 
559. 1901. 


Mollugo oppositifolia Linn. 
Abundant in moist ground near the lower talao, in flower 
and fruit; stems reddish. 
PUNICACE 
Punica granatum Linn. 


Saw the tree cultivated in gardens in Baroda; in flower 
and fruit. 


CARICACE 
Carica papaya Linn. 
Cultivated in gardens in Baroda: also seen under culti- 


peHon in fruit, in a garden near the dharamsala on the 
ill. 
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CUCURBITACEA 
Bryonopsis laciniosa (Linn.) Naud. 


A common slender climber, generally dry, occasionally 
with fresh fruits, on shrubs, etc., along the forest in the lower 
half of the hill. The seeds are typical, hence the local name 
of Shivlingi. ' 


Coccinia indica Wt. et Arn. 
Seen on hedges in flower and fruit, but rare. 
Luffa acutangula var. amara Clarke. 


Occasional, dry plants with fruits; climbing over shrubs 
near the main path in the forest slopes. 


Melothria heterophylla Cogn. 


A few plants in leaf and fruit noticed on the upper parts 
of the hill. Flowers gone. 


UMBELLIFER Z 


Trachispermum stictocarpum (Clarke) Wolff ? 
_Carum stictocarpum Clarke. 


A slender Umbellifer growing on old walls and heaps of 
rubbish; flowers white or very pale lilac. Common on the 
upper parts of the hill. 


ALANGIACE 
Alangium salvifolium (Linn. f.) Wang. 
Alangium lamarckii Thw. 
Common on the plains and on the hill, usually small trees; 
near the dharamsala there are a few large trees, in leaf only. 


RUBIACE 
Mitragyna parvifolia Korth. 


A very common large tree on the lower slopes of the 
forest; leaves present; fruits of the previous season also 
present. 


Morinda tinctoria var. tomentosa Hook. f. 


Very common and fairly abundant along the forest slopes; 
middle- to large-sized trees, in leaf only, except for one tree 


COMPOSITZ 


A canthospermum hispidum DC. 


This plant is not given in Cooke’s Flora. For a full 
description see-Santapau in J. Bombay nat. Hist. Soc., 45: 
445-46, 1945. 
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Occasional on the plains or on the hill; there are some 
large patches near the talao behind the dharamsala on the 


hill, in flower and fruit. 
Ageratum conyzoides Linn. 
Fairly abundant on the banks of the lower talao; flowers 
uniformly white. 
Blumea malcolmii Hook. f. 
Occasional in the upper parts; about the most hairy of 
the Blumeas of Bombay. 
S.ha0, 11. 
Blumea membranacea DC. 


A dense growth of these plants in a torrent near the 
dharamsala, 2-4 ft. tall. 


Santapau, 19863. 
Blumea spec. (lacera or glomerata ?) 

Abundant near the top of the hill in flower. 
Cesulia axillaris Roxb. 


In ditches along the main road, in dense masses, with fresh 
flowers; on the hill only seen on the banks of the upper 
talao. 


Centratherum phyllolenum Benth. 


Collected several dry or nearly dry plants near the lower 
talao. : 


Cyathocline purpurea (Don) O. Kuntze. 
Cyathocline lyrata Cass. 


Common and abundant in moist sheltered spots near the 
top of the hill, otherwise rare. 


Echinops echinatus Roxb. 


In one spot along the main road noticed a large clump 
of these plants, otherwise it is rather rare in the district; 
did not notice it on the hill. 


Eclipta alba (Linn.) Hassk. 


Abundant small plants near the sides of the upper talao, 
very small plants, prostrate on moist ground, in flower. 


Gnaphalium indicum Linn. 


Small erect or suberect plants, in flower, on moist soil 
on the banks of both talaos, abundant locally. 


Pulicaria wightiana Benth. ex Clarke. 


On the upper parts of the hill, rare. 
S. Rao, 9. 
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Senecio dalzellii Clarke. 


Leaves narrow, flowers yellow; on the upper slopes, not 
abundant. 


Spheranthus indicus Linn. 


In fruit and leaf, on the banks of the upper talao, abundant 
locally. 


Tricholepis glaberrima DC. 


Occasional in flower or fruit, in the upper parts of the 
hill; plants 4—6 ft. tall. 


Tridax procumbens Linn. 


Occasional at the base of the hill and up to about half 
way up; in flower. 


Vernonia cinerea Less. 


Small herbs, with pale purple flowers; at the foot of the 
hill only. 


Vicoa indica (Willd.) DC. 
Vicoa auriculata Cass. 


Rare; a few plants seen in flower near the bus stand at 
the foot of the hill. 


Volutarella racemosa (Roxb.) Santapau 
Volutarella divaricata Benth. 


Rare; only seen at the foot of the hill, 
S. Rao, 10. 


Xanthium strumarium Linn. 


Along the main road this plant is very abundant in dense 
clumps; mostly dry, occasionally fresh. On the hill itself it 
is rare, except for a few plants near the dharamsala. 


PLUMBAGINACE 


Plumbago zeylanica Linn. 
Flowers and fruits; common from about 600 ft. upwards 
in the undergrowth or by sides of path. Flowers white. 
EBENACE 


Diospyros melanoxylon Roxb. 
Saw an occasional tree in leaf, in the lower parts of the 
hill; bark with very striking and regular markings. 
SAPOTACEB 
Achras sapota Linn. | 
Cultivated in gardens, plenty of fruits. 


176 


127. 


128. 


129. 


130. 


i351) 


132. 


133. 


134, 


135, 


H. SANTAPAU 


Manilkara hexandra (Roxb.) Dub. 
Mimusops hexandra Roxb. 


There is a large tree near the path just above the upper 
talao, the tree laden with orchids; noticed several other trees 
in the dense forest near the dharamsala, in fruit. 


OLEACE 


Nyctanthes arbor-tristis Linn. 


Planted in gardens in city, plenty of fruits. As to the 
family of this plant, see Airy Shaw in Kew Buill., 1952: 
271-72, and Stant, ibid., 273-76; both authors hold that 
Nyctanthes ought to be included in the family Verbenacez. 


APOCYNACE 
Carissa congesta Wight, 
Carissa carandas auct., non Linn. 


The generic name Carissa Linn., Mant., 1: 7, 1767, is 
nom, cons. against Carandas Adans. and Arduina Mill. 


In leaf only. Abundant at about the middle of the hill, 
some plants going high over forest trees, 


Santapau, 19875-19876. 
Holarrhena antidysenterica Wall. 


Shrubs to small trees, in fruit; common in the lower part 
of the hill in deciduous forest. 


Nerium indicum Mill. 
Nerium odorum Ait. 


Cultivated at the foot of the final flight of stairs near the 
very top of the hill; in flower and fruit. 


Wrightia tinctoria R. Br. 


Common along the plains, occasionally in fruit. One of 
the commonest trees in the lower part of the forest on the 
hill slopes. 

ASCLEPIADACE 


Calotropis gigantea R. Br. 


Common in flower along the main road, also seen at the 
foot of the hill, rare on the hill itself. Large plants with 
purple or lilac flowers. 


Cryptolepis buchanani R. et Schult. 


_ Abundant and very common above 600 ft. altit. Occa- 
sionally in fruit, mostly in leaf only. In the undergrowth of 
forest and in low scrub forest. Climber. 


Cryptostegia grandiflora R. Br. 
Large climber, cultivated in gardens, with showy flowers. 


141. 


136. 


137. 


138. 


139. 


140. 


142. 


143. 


EXCURSION OF THE INDIAN BOTANICAL SOCIETY 177 


Pergularia demia (Forsk.) Blatt. et McC: 
Demia extensa R. Br. 


_ Abundant on hedge at the foot of the hill in flower and 
fruit; occasionally seen along the path on the slopes, and 
only in leaf. 


Santapau, 19843. 


LOGANIACE 


Strychnos nux-vomica Linn. 
Very large trees in the garden of the University, in leaf 
only. 
GENTIANACEZ 
Canscora decurrens Dalz. 


Dry or nearly dry plants, common on old walls; flowers 
sometimes fresh. 


Santapau, 19872. 
Canscora diffusa R. Br. 


On old walls, fairly common. In flower and fruit and 
generally leafless or nearly so. The plant was being cleared 
from the walls at the time of our visit. 


BORAGINACE 


Cordia dichotoma Forst. f. 
Cordia myxa auct., non Linn. 


Saw several trees in leaf only; some of them with plenty 
of insect galls on the leaves, 
Heliotropium supinum Linn. 


Flowers white, minute; prostrate herb, common near the 
two talaos, also abundant in drying pools along the main 
road from Baroda, in almost pure stands. 


Santapau, 19886. 


Trichodesma indicum R. Br. 


The calyx base expands outwardly; in flower and fruit; 
gregarious but not common. On the sides of the road, and on 
old walls. 


Santapau, 19877. 


CONVOLVULACE 


Convolvulus microphyllus Sieb. 
Prostrate herb, abundant in waste lands, in flower and 
fruit; common about Baroda. 
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Cuscuta spec. 

Common in the University grounds in Baroda; also 
common on hedges along the main road. On various hosts, 
often on Streblus asper. 

Evolvulus alsinoides Linn. 

A few plants in flower on the upper parts of the hill; 

in open dry ground. 
Ipomea aquatica Forsk. 

Abundant in ditches on the plains; covering most of the 

surface of some shallow pools, in leaf and flower. 
Ipomea cairica (Linn.) Sweet. 
Ipomea palmata Forsk. : 

Noticed this plant on hedges in town and along the main 
road, with plenty of flowers. 

Ipomea maxima (Linn. f.) Don. 
Ipomea sepiaria Koenig. 

Flowers white, scarcely the largest in the genus; on 

hedges in town and along the main road. 
Ipomea nil Roth. 
Ipomea hederacea auct., non Jacq. 


Dry plants with well preserved fruit and calyx; on the 
lower part of the hill, occasional. This plant is often confused 
with the American J. hederacea Jacq., which it much resembles, 
but our native plant is /. nil Roth; on the subject see Santapau 
in J. Bombay nat. Hist. Soc., 47: 348, 1947. 

Merremia emarginata Hall. 


In moist ground near the University; from the vegetative 
parts this plant is often confused with Centella asiatica. 


Rivea hypocrateriformis Chois. 


Noticed one plant, a large climber on some hedges on 
the plains; flowers long, white; a rare plant. 


SOLANACE 
Datura innoxia Mill. 
Datura metel auct., non Linn. 
On the question of the identity of this plant see J. 
Bombay nat. Hist. Soc., 47: 659, 1948. 


Cultivated as a medicinal plant in a garden near the 
dharamsala, 
Datura metel Linn, 
ay fastuosa Linn., D. alba Nees, D. fastuosa var. alba 
arke, 


Glabrous and shiny plant, in flower and fruit. Cultivated ? 
Seen near the top of the hill. 
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154. Lycopersicon esculentum Mill. 


The spelling of the generic name is Lycopersicon, not 
Lycopersicum as is generally written; on the subject see Druce 
in Rep. Bot. Exch. Club Brit. Isl., 1913: 433, 1914. 

Cultivated in gardens, in fruit and leaf; near the very 
top of the hill. 


155. Solanum incanum Linn.? 


A shrubby plant, up to 5 ft. tall, stem woody, up to ?in. 
thick below; flowers and fruits larger than in the usual 
S. indicum. 


Santapau, 19840. 
156. Solanum nigrum Linn. 


Noticed in one of the gardens near the dharamsala, culti- 
vated ? Plenty of fruits. 


157. Solanum xanthocarpum Schrad. & Wendl. 


Along the road sides, showy in flower and fruit, rare on 
the hill. 


158. Withania somnifera Dunal. 


Flowers pale yellow, stems thick, fleshy; in cultivated 
grounds, not common. 


SCROPHULARIACE 


159. Kickxia incana (Wall.) Pennell. 
Linaria incana Wall. 


Large pendulous masses on the wall of the fort just below 
the dharamsala; flowers yellow. The general hairiness of the 
whole plant, including the corolla, suggests that the species is 
incana. Abundant locally. All these plants are regularly 
cleared from the walls towards the end of December. On the 
subject of the nomenclature of this plant, see Santapau in 
J. Bombay nat. Hist. Soc., 49: 26-28, 1950. 


Santapau, 19878-19879. 


160. Lindenbergia indica (Linn.) O. Kuntze. 
Lindenbergia urticefolia Lehm. 


Large pendulous masses on old walls just below the 
dharamsala, occasionally smaller plants, with -erect stems. 
Plenty of specimens noted on 29-12-1954; all had been cleared 
by 7-1-1955. 

GESNERACE 
161. Didymocarpus spec. - 

This plant is said to be very common on fort walls during 
the second half of the monsoon and at the beginning of 
October; we noticed a few small plants on the rocky walls 
of the steps leading to the higher fort. 
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BIGNONIACE 


Pyrostegia venusta (Ker-Gawl) Miers. 
A very elegant large climber with plenty of long, slender 
flowers; cultivated in gardens. 


Tecoma stans H.B.K. 
An elegant small tree with plenty of bright yellow flowers; 
cultivated in gardens. 


ACANTHACE 


Asteracantha longifolia Nees. 


In ditches by the road sides, common and abundant; also 
seen near the talaos on the hill, dry plants. 


Barleria prattensis Santapau 
Barleria montana Cooke, partim, non Nees. 

Collected the plant in fruit and leaf along the sides of the 
path on the lower slopes of the forest; the plant is said to be 
very common and abundant during the early part of October 
in flower. 

For a discussion of this plant and its relations with the 
real montana, see Santapau in Kew Bull., 1948: 487-88. 


Barleria prionitis Linn. 


Common plants, rather small for the species, and generally 
with the summer or dry season form of leaves; occasionally 
in flower. Abundant in spots, common all along the edges 
of the undergrowth of the forest on the hill slopes. 


Blepharis maderaspatensis (Linn.) Roth. 
Blepharis boerhaviefolia Pers. 
In flower and fruit near the path, about the middle of the 
slopes in the forest. Rare, 
Carvia callosa (Nees) Bremek. 
Strobilanthes callosus Nees. 


_ Only occasional in the lower half of the slopes; abundant 
in almost pure stands on the upper half, in leaf only. 


Dicliptera micranthes Nees. 

_In the lower parts of the hill, only a few plants were 
noticed; towards the highest points of the forest there were 
some large clumps. Plants about 2 ft. tall, much branched, 
in flower and fruit. 

Santapau, 19854-19855, 


Dipteracanthus prostratus (Poir.) Nees. 
Ruellia prostrata Poir. 


_ _ The genus Ruellia in the strict sense is only represented 
in India by a new-comer from America, Ruellia tuberosa; the 
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other species of Ruwellia of our floras go to the genus Diptera- 
canthus; on the subject see Ind. For., 79: 321-23, 1953. 


This species was noted growing on old walls in Baroda. 


Elytraria acaulis (Linn. f.) Lindau. 
Tubiflora acaulis O. Kuntze. 


The generic name Elytraria is nom. cons. against Tubiflora. 


Abundant locally about half way up through the forest 
in the lower half of the hill, near the path; abundant also in 
the lawns of the University of Baroda. 


Santapau, 19857. 


Eranthemum roseum (Vahl) R. Br. 
Dedalacanthus roseus T. Anders. 


Occasional in the undergrowth of the forest, in some spots 
rather abundant, in leaf and flower. 


Santapau, 19856. 
Haplanthus verticillatus Nees. 


Large herbs, in masses in the undergrowth of the forest 
on the lower slopes; higher up this plant becomes even more 
abundant, with plenty of flowers and when growing in the 
denser parts of the forest near the dharamsala even with large 
fresh leaves. 

The specific name of this plant is generally given as 
verticillaris in our floras; the name is based on Roxburgh’s 
Justicia verticillata, and therefore the only correct name is 
verticillatus. 


Hemigraphis latebrosa Nees. var. heyneana Bremek. 


Rare in, the lower parts of the forest; from the dharamsala 
upwards this becomes rather common and abundant in the 
undergrowth or near the road, with plenty of flowers. Occa- 
sionally in dense patches. 


Hygrophila polysperma T. Anders. 


Forming dense mats on the banks of the upper talao, in 
flower and fruit. 
Justicia gendarussa Linn. f. 


Shrubby, usually cultivated in gardens; noticed the plant 
on the uppermost flight of steps on the very top of the hill, 
in flower. i ; 


S. Rao, 8. 
Justicia procumbens Linn. | 


On earth banks or on the final slopes of the hill, abundant 
in flower and fruit. 
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Justicia prostrata Gamble. 
A species of the genus, which I am seeing for the first time, 
with very long and slender spikes of flowers. Abundant on the 
uppermost flight of steps, occasional elsewhere, 


Lepidagathis cuspidata Nees. 
Abundant and common from the dharamsala upwards, in 
large patches, and with large leaves. Gregarious. 


Santapau, 19880. 


Lepidagathis trinervis Wall. 


Abundant on bare rocky ground on the highest parts of 
the hill; flowers come out in large spherical balls near the 
ground, bracts spiny. 


Neuracanthus spherostachyus Dalz. 


Rare in the lower parts of the forest; after 600 ft. altit. 
this plant becomes about the commonest and most abundant 
herb in the undergrowth of the forest; noticed many plants 
in flower. Usually the inflorescence forms a nearly spherical 
ball, but noticed also many plants with elongated spikes. On 
the structure of the inflorescence, and the type of fruits, see 
Bole and Santapau in J. Bombay nat. Hist. Soc., 50: 
428-30, 1952. The plant is said rarely to produce fruits and 
viable seeds; this is not correct according to our findings, 

_and further the very great abundance of the plant on Pavagarh 
Hill cannot be explained except on the assumption that the 
plant produces large numbers of viable seeds. 


Peristrophe bicalyculata Nees. 


Very common on the forest slopes, mostly leafless, with 
plenty of flowers and fruits; occasionally it is abundant in 
gregarious masses. In undergrowth. 


Rungia pectinata Nees. 
Rungia parviflora var. pectinata Clarke. 


On the lower slopes of the hill this plant was noticed 
generally in a leafless condition and nearly dry; from about 
the middle of the hill to the very top this becomes very 
common and shows plenty of leaves and flowers. On old 
walls, on the last flight of steps, ete. 


VERBENACER 


Clerodendrum phlomidis Linn. f. 


Linne seems to have shown some hesitation about the 
correct spelling of the generic name of this plant; Moldenke 
has shown that the only correct spelling is Clerodendrum, not 
Clerodendron, as is often given in our Floras. 

Large shrubs at the foot of the hill in plenty of flowers 
and fruits, occasionally seen on the forest fee 


Santapau, 19841-19842, 
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Lantana camara Linn. var. aculeata Mold. 
Lantana camara auct., non Linn. 


The real L. camara of Linne is a spineless shrub; our 
plant is the Z. aculeata Linn. or the var. aculeata of Moldenke. 
Occasional along the main road, occasional also on the hill 
slopes; flowers reddish or orange only. 

Tectona grandis Linn, f. . 

Rare in the lower parts of the forest; from 600 ft. altit. 
upwards {this is the dominant tree in the forest; up to 
30-40 ft. tall, with leaves and remains of inflorescence. In the 
dense forest near the dharamsala this tree reaches 60 ft. tall, 
From the top of the hill it is clear that such trees have been 
planted on the hill, for they appear clearly to be arranged in 
straight lines or rows. The trees look crooked and rather 
damaged, so that they are of little use for timber. 

Vitex negundo Linn. 


This plant was noticed along the road on the plains; on 
the hill it was seen only near the dharamsala. 


LABIATZ 


Anisomeles heyneana R. Br. 


A rank and unsightly plant, with whitish flowers; occa- 
sional at edge of forest, or near the path. 


Anisomeles indica (Linn.) O. Kuntze. 


Rare on the hill; more common on the plains, in plenty 
of flowers, which are bright red in colour. 


Santapau, 19873-19874. 
Leonotis nepetifolia R. Br. 


Several large clumps were noticed along the main road, 
plants up to 10 ft. tall, flowers of a strong orange colour, in 
large balls in the axils. Not seen on the hill. 


Leucas aspera Spt. 


On earth mounds along the path near the top of the 
hill, in flower and leaf. 


Leucas biflora R. Br. ; 


Large pendulous masses on old walls of the fort in the 
upper part just below the dharamsala; in flower and fruit, 


Santapau, 19870-19871. 


Nepeta hindustana (Roth) Haines. 
Nepeta ruderalis Buch.-Ham. 


Flowers minute, white; on rocks and walls from about 


half way up to the top of the hill, Abundant also on earth 


banks on the higher parts. 
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Ocimum americanum Linn. 
Ocimum canum Sims. 


Small herbs, strongly and sweetly scented, in flower and 
fruit, at the foot of the hill and near the dharamsala. 
Ocimum basilicum Linn. 
Cultivated in garden near the top of the hill, in flower; 
very strongly and sweetly scented. 
Ocimum sanctum Linn. 


The common Tulsi plant; cultivated in temple garden, 
near the top of the hill. 


NYCTAGINACE& 


Bougainvillea spectabilis Willd. 
Very showy, cultivated in garden; bracts of various 
colours. 
AMARANTACE 


Achyranthes aspera var. porphyristachya Hook. f. 

The real A. aspera of Linne is a much smaller plant, with 
small, rounded leaves, and short terminal spikes. This variety 
has much longer ‘spikes, the leaves are ovate, acute or acumi- 
nate, and the fruits are considerably larger than in the typical 
variety. We noticed this plant on the upper parts, in fruit. 

Aerya sanguinolenta (Linn.) Blume. 
Aerva scandens Wall. 

In our Floras the generic name is generally spelled Aerua; 
on the subject see T. A. Sprague in Kew Bull., 1928: 342. 

Occasional at edges of forest, in flower. More common 
on the higher parts of the hill. 

Santapau, 19858-19859. 

Alternanthera sessilis (Linn.) R. Br. 
Occasional in fruit; in pure stands near the upper talao. 
Santapau, 19869. 

Amarantus spinosus Linn. 


The spelling of the generic name has been entered in the 
List of Nomina Conservanda Proposita in the International Code 
of Botanical Nomenclature, under number 2229. Linne himself 
seems to have hesitated between Amarantus and Amaranthus. 

In flower and fruit near the bus station at the foot of the 
hill; a rank herb. 


Celosia argentea Linn. 


__ Rather scarce in the lower parts of the hill, abundant in the 
highest parts; inflorescence. spikes still fresh in flower or fruit. 
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Gomphrena globosa Linn. 
Cultivated in a temple garden near the top of the hill. 
Nothoserva brachiata Wt. 
Fairly numerous specimens on moist soil near the lower 
talao; in flower and fruit: 
Santapau, 19881. 
Pupalia lappacea (Linn.) Juss. 
_ Common but scarcely abundant in leaf, occasionally in 
fruit; at the sides of the path in the undergrowth. 
Santapau, 19838-19839. 


POLYGONACE 


Polygonum plebeium R. Br. 
Prostrate herb, adpressed to the ground, with reddish 
stems; abundant near the sides of the upper talao. 


S. Rao, 7. 
LORANTHACEA 


Dendrophthoe falcata Etting. 
Loranthus longiflorus Desr. 
Very rare for this type of forest; this plant was noticed 
on the following hosts: Alangium salvifolium, Grewia tilicfolia, 
Cassia fistula, Acacia leucophlea. In flowers and young fruits. 


EUPHORBIACE 


Acalypha ciliata Forsk. 


Rare, in moist soil near the walls of the upper fort, just 
below the dharamsala; in leaf and fruit. 


Baliospermum montanum (Willd.) Muell.-Arg. 
Baliospermum axillare Blume. 


Absent in the lower part of the hill; at about the middle 
it appears and soon becomes about the most common herb 
in the undergrowth; the leaves are very variable in shape and 
size on one and the same plant; near the dharamsala it is 
about the only abundant herb in the undergrowth of the 
forest. 2-5 ft. tall; in flower and fruit. 


Santapau, 19860-19862. 

Bridelia retusa Spreng. 
Occasional in fruit, with large terminal panicles; large trees. 
Santapau, 19834-19835. 


Bridelia squamosa Gehrm. 
Bridelia retusa auct. pro parte. 
Large trees with fruits in axillary clusters; common on 
the lower slopes of the hill, From examination of many 
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specimens in the field I do not feel confident that this is 
a valid species; it appears that flowers or fruits at first are 
always in axillary clusters, but that when the leaves fall off, 
the fruits seem to be in terminal panicles. 
Emblica officinalis Gaertn. 
Phyllanthus emblica Linn. 
A few trees with plenty of fruits have been noticed in the 
forest at the foot of the hill. Rare. 
Euphorbia hirta Linn. 
Euphorbia pilulifera auct., non Linn. 
Abundant in open ground in the bus station at the foot 
of the hill, in flower and fruit; stems reddish. 
Euphorbia parviflora Linn. 
Euphorbia hypericifolia var. parviflora Prain. 
Occasional on the hill slopes, in flower and fruit. 
Euphorbia microphylla Lamk. 
Abundant in the grounds of the University in lawns, in 
flower and fruit. 
Euphorbia neriifolia Linn. 


Along the road sides in hedges, common; possibly planted 
as a hedge plant. Saw a few plants on the hill, some of them 
with plenty of leaves. 


Euphorbia prostrata Ait. 
Not mentioned in Cooke’s Flora. The fruit is typical, hairy 
on the angles, glabrous in the rest of the capsule. Noticed a 
dense patch near one of the temples at the top of the hill. 
Euphorbia thymifolia Linn. 
Fairly abundant in the bus station at the foot of the hill, 
very similar to E. microphylla, but hairy. 
S. Rao, 6. 
Euphorbia tirucalli Linn, 
Very rare; plants about 4ft. tall, seen in hedges and 


along the plains; a plant was noticed near the dharamsala in 
a garden hedge, much larger. 


Jatropha curcas Linn. 


In leaf only; some shrubs growing wild in waste lands 
near the dharamsala. 


Mallotus philippensis Muell.-Arg. 


The correct spelling of the specific name is philippensis, 
“he pte as is usually given in our Floras. A few 
arge trees were noticed in the dense forest near th - 
sala, with plenty of fruit. wale 


Santapau, 19888-19889. 
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Ricinus communis Linn. 


Cultivated in many fields along the plains, and in a garden 
near the dharamsala on the hill; wild or escaped from culti- 
vation all along the plains and hills. Flowers, fruits and 
leaves; up to 12 ft. tall. 


ULMACE 


Trema orientalis (Linn.) Blume. 


Occasional small trees in the lower part of the hill, in the 
forest; in flower and fruit. 


URTICACE2 


Girardinia zeylanica Decne. 


Dry plants in fruit; abundant and rather common from 
the dharamsala upwards, not seen below. 


MOoRACE#® 
Ficus arnottiana Miq. 


Fairly common from the dharamsala upwards, to the top 
of the hill; noticed several trees on the uppermost walls with 
receptacles, the leaves falling off. 


Ficus benghalensis Linn. 


This is about the largest tree seen on the plains and on 
the hill near the dharamsala. Receptacles present, red. 


Ficus carica Linn. 


The cultivated fig tree; planted in garden in Baroda; 
not seen wild in the district. Rare. 


Ficus glomerata Roxb. 


On the upper parts of the hill, with masses of figs on the 
trunk and main branches. 


Ficus hispida Linn. f. 


Several clumps noticed along the main road, also near the 
main path on the hill. 


Streblus asper Lour. 


Small to large sized trees, with rough leaves. Abundant 
near the lower talao; also seen elsewhere, but smaller trees than 
those near the dharamsala. 


AGAVEACE 


Agave spec. (americana ?) . 
Occasional along the plains, in hedges or waste land; 
noticed several plants in bud or flower. 
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COMMELINACE 


Commelina obliqua Buch.-Ham. 
In fruit, common on the higher parts in moist places. 


PALMA 


Borassus flabellifer Linn. 

Tall trees, very conspicuous on the plains; scattered 
through the district. At one spot along the main road there 
is a large dense row of these trees. Leaves only. 

Oreodoxa regia H.B.K. 
Planted in some gardens in the city; not seen wild. 


Phenix sylvestris Linn. 
A few small trees noticed in waste lands near the road 
on the plains. 


GRAMINE 


Aristida adscencionis Linn. 

On dry bare ground in the upper parts of the hill, 
occasional. 

S. Rao, 3. 

Cymbopogon schenanthus (Linn.) Spreng. 

A number of small clumps of this grass were seen 
scattered all over the hill, particularly on the higher parts, 
in open ground. 

Santapau, 19866-19867. 

Eragrostis tenella var. plumosa Stapf. 

Occasional on the upper parts of the hill. 

S. Rao, 4. 

Melanocenchrus spec. (jacquemontii Jaub, & Spach ?) 


Dry plants in small tufts on old walls near the dharamsala 
and higher up on the hill, abundant locally. 


Sorghum halepense Pers. 
Occasional on higher parts. 
S. Rao, 1. 
Spodiopogon rhizophorus (Steud.) Pilger. 
Spodiopogon albidus Benth. 


Occasional on the higher parts of the hill. 
S. Rao, 2. 
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242. Tripogon spec. 


Abundant in fairly large tufts, on the uppermost flight of 
steps, dry, on old walls or on dry sloping ground; a very 
typical grass. 


CYPERACE 
243. Cyperus difformis Linn. 


Only seen near the Telia Talao, where it was rather 
abundant just out of water; small plants, gregarious. 


Santapau, 19868. 


5 yy 410 ¥ V7 a SES : eS 


Rae a! nyagid © 
“hip? tnsiautiA ; 
vw ly ao ooh qe ety 
ent leeettheg Sam 
oa. <a 
anit virewiith arma rb 


4 

7 
ay ca 

“on raga in =_ 


